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FOR  DIFFUSING  THE  KNOWLEDGE  AND  FACILITATING  THE  GENERAL 
INTRODUCTION  OF  USEFUL  MECHANICAL  INVENTIONS  AND  IM- 
PROVEMENTS, AND  FOR  TEACHING,  BY  COURSES  OF  PHILOSOPHICAL 
LECTURES  AND  EXPERIMENTS,  THE  APPLICATION  OF  SCIENCE  TO 
THE  COMMON  PURPOSES  OF  LIFE. 


to 


(Presented) 


by  the  Manacuqs  of  the  Institution. 


INTEODUCTION. 

Thi  slowness  with  which  improvements  of  all  kinds  make  their  way 
into  common  nse,  and  especially  snoh  improvements  as  are  the  most 
calculated  to  be  of  general  utility,  is  very  remarkable,  and  forms  a 
strildiig  contrast  to  the  extreme  ayidity  with  which  those  immftiLTiing 
changes  are  adopted  which  folly  and  caprice  are  continually  bringing 
forth  and  sending  into  the  world  under  the  auspices  of  fashion.  This 
eril  has  often  been  lamented,  but  few  attempts  have  been  made  to 
inTestigate  its  causes,  or  to  remove  them. 

On  the  first  view  of  the  matter  it  appears  very  extraordinaiY 
indeed  that  any  person  should  ever,  in  any  instance,  neglect  to  ayail 
KtiMftIf  of  an  invention  or  contrivance  within  his  power  to  obtain,  that 
is  efidently  calculated  to  increase  his  comforts,  or  to  fnoilitate  his 
labour,  or  to  increase  the  profits  of  it ;  but  when  we  reflect  on  the 
Vol.  VL  h 
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subject  with  attention,  and  consider  the  power  of  habit,  and  then 
recollect  how  difficult  it  is  for  a  person  even  to  perceive  the  imperfec- 
tions of  instruments  with  which  he  has  been  accustomed  from  his  early 
youth,  our  surprise  that  improvements  do  not  make  a  more  rapid 
progress  will  be  greatly  lessened. 

But  there  is  a  great  variety  of  circumstances  that  are  unfftvourablo 
to  the  introduction  of  improvements.  The  very  proposal  of  anything 
new  commonly  carries  with  it  something  that  is  offensive ; — something 
that  seems  to  imply  a  superiority ;  and  even  that  kind  of  superiority 
precisely  to  which  mankind  are  least  disposed  to  submit. 

There  are  few,  very  few  indeed,  who  do  not  feel  ashamed  and 
mortified  at  being  obliged  to  learn  anything  new  after  they  have  for  a 
long  time  been  considered,  and  been  accustomed  to  consider  them- 
selves, as  proficients  in  the  business  in  which  they  are  engaged ;  and 
their  awkwardness  in  their  new  apprenticeship,  and  especially  when 
they  are  obliged  to  work  with  tools  with  which  they  are  not  acquainted, 
tends  much  to  increase  their  dislike  to  their  teacher  and  to  his 
doctrines. 

To  these  obstcu^les  to  the  introduction  of  new  improvements,  we  may 
add  the  innumerable  mistakes,  voluntary  and  involuntary,  that  are 
committed  by  workmen  who  are  employed  in  any  business  that  is  new 
to  them,  and  that  perhaps  they  neither  understand  nor  like ;  and  (what 
is  still  more  to  be  feared)  those  alterations  which  workmen  in  general, 
and  more  especially  such  of  them  as  pride  themselves  on  their  inge- 
nuity, have  such  an  irresistible  propensity  to  introduce  when  they  are 
employed  in  executing  anything  that  is  new.  How  many  useful 
inventions  have  been  totally  spoiled  and  brought  into  disrepute  by 
what  has  been  pompously  announced  to  the  public  as  improvements 
of  them  I  And  hence  we  may  see  of  what  infinite  importance  it  would 
be  to  the  progress  of  real  improvements,  to  have  some  general  collec- 
tion of  useful  mechanical  contrivances,  constructed  on  the  most 
approved  principles,  and  kept  constantly  in  actual  use,  to  which 
application  could  be  made  as  to  a  standard,  in  order  to  determine 
whether  experiments  which  fail  are  owing  to  errors  in  principle,  or 
to  blunders  of  the  workmen  employed  in  the  construction,  or  to  those 
of  the  servants  employed  in  the  management  of  the  machinery. 

And  how  very  useful  would  such  a  repository  be  for  furnishing 
models ; — and  for  giving  instruction  to  artificers  who  may  be  employed 
in  imitating  them !  Workmen  must  see  the  thing  they  are  to  imitate ; 
— ^bare  descriptions  of  it  will  not  answer  to  give  them  such  precise 
ideas  of  what  is  to  be  done  as  to  prevent  their  being  liable  to  mistakes 
in  the  execution  of  their  work. 

But  this  is  also  the  case  with  mankind  in  general,  and  even  with 
the  best-informed  ;  for  how  great  must  that  efibrt  of  the  imagination 
be,  that  is  necessary  to  form  any  adequate  idea  of  what  we  have  not 
seen !  Descriptions,  though  they  be  illustrated  by  the  best  drawings, 
can  give  but  very  imperfect  ideas  of  things ;  and  the  impressions  they 
leave  behind  them  are  faint  and  transitory,  and  seldom  excite  that 
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degroe  of  ardour  tliat  ought  to  accompany  the  pursuit  of  intorosting 
improyements. 

Few  indeod  have  an  imagination  so  extromoly  vivid  and  susceptible 
as  to  become  enamoured  of  a  description,  or  of  a  picture.  Something 
visSde  and  tangible  is  necessary  to  fix  the  attention,  and  determine  the 
choice. 

But  to  return  to  the  investigation  of  the  causes  that  impede  the 
progress  of  useful  improvement.  Besides  those  already  mentioned 
there  are  several  others  which,  though  loss  obvious,  tend  nevertheless 
very  powerfully  to  obstruct  and  retard  that  progress. 

Those  who  propose  improvements  are  commonly  suspected  of  being 
influenced  by  interested  motives;  and  this  suspicion  (which  is  often 
but  too  well  founded)  occasions  little  attention  to  bo  paid  to  such 
proposals  by  the  public. 

As  the  tacit  recommendation  of  a  respectable  Public  Institution, 
where  the  things  judged  to  be  worthy  of  the  public  notice  would  be 
merdy  exposed  to  view,  would  not  be  liable  to  this  suspicion,  it  would 
certainly  have  more  weight. 

Not  only  suspicion,  hut  jealousy  and  envy  have  ofken  their  share  in 
obstructing  the  progress  of  improvement,  and  in  preventing  the 
adoption  of  plans  calculated  to  promote  the  public  good. 

The  most  meritorious  exertions  in  promoting  the  public  prosperity 
are  often  viewed  with  suspicion ;  and  the  fair  fame  that  is  derived 
from  those  exertions,  with  jealousy  and  envy ;  and  many  who  have  too 
much  good  sense  not  to  perceive  the  merit  of  an  undertaking  evidently 
useful,  and  too  much  regard  for  their  reputation  not  to  appear  to 
approve  of  it,  are  often  very  far  nevertheless  from  wishing  it  success. 

This  melancholy  truth  is,  most  unfortunately,  known  to  every- 
body, and  does  more,  I  am  persuaded,  to  deter  sensible  and  well-dis- 
posed persons  from  coming  forward  into  the  public  view  with  plans 
for  useful  improvements  than  all  the  trouble  and  difficulty  that  would 
attend  the  execution  of  them. 

The  managers  of  a  public  institution  would  be  less  exposed  than 
an  individual  to  the  effects  of  these  jealousies,  and  would  no  doubt 
have  the  courage  to  despise  them. 

In  regard  to  those  most  important  improvements  that  might  in 
many  cases  be  derived  from  the  scientific  discoveries  of  experimental 
philosophers,  there  are,  unfortunately,  many  very  powerful  obstacles, 
which  prevent  their  being  as  usefiil  to  mankind  as  they  might  be 
made,  and  as  they  would  most  certainly  become,  were  those  obstacles 
removed. 

There  are  no  two  classes  of  men  in  society  that  are  more  distinct, 
or  that  are  separated  from  each  other  by  a  more  marked  line,  than 
philosophers  and  those  who  are  engaged  in  arts  and  manufactures. 

The  distance  of  their  stations — tiie  difference  of  their  education, 
and  of  their  habits — the  marked  difference  of  the  objects  of  their 
pursuits  in  life — all  tend  to  keep  them  at  a  distance  from  each  other, 
and  to  prevent  all  connection  and  intercourse  between  them. 

h  2 
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The  philosopher,  who  devotes  his  time  to  the  investigation  of  the 
laws  of  Nature,  must  necessarily  be  independent  in  his  circumstanoes, 
for  he  can  expect  no  profit  or  pecnniary  advantage  from  his  labours ; 
consequently  he  must  be  excited  to  engage  in  these  pursuits  either  by 
curiosity  or  by  a  desire  of  fame,  or  by  both  these  motives ;  and  the 
nature  of  his  occupations,  as  well  as  the  intense  meditation  they 
require,  naturally  tend  to  detach  his  mind  from  all  the  common 
afGftirs  and  pursuits  of  life. 

Anxious  only  to  make  new  discoveries,  and  to  establish  his  repu- 
tation among  philosophers,  whom  he  considers  as  the  only  competent 
judges  of  hiJ9  merit,  and  whose  suffrages  alone  can  bestow  that  feme 
which  he  is  ambitious  to  acquire,  he  has  seldom  either  leisure  or 
inclination  to  interest  himself  in  those  busy  scenes  in  which  the  great 
mass  of  mankind  are  employed,  and  which  he  is  perhaps  but  too  apt 
to  consider  as  being  unworthy  of  his  attention. 

On  the  other  hand,  those  who  are  engaged  in  arts  and  manufactures 
are  seldom  disposed  to  ask,  or  even  to  receive,  the  advice  of  men  of 
science,  with  whom  they  have  no  connection,  and  of  whose  knowledge 
they  seldom  entertain  any  very  high  respect.  Intent  only  on  acquir- 
ing wealth,  all  their  views  are  confined  to  that  single  object ;  and  as 
their  success  depends  much  on  their  reputation  for  ingenuity  in  their 
different  lines  of  business — as  all  proposals  for  introducing  improve- 
ment presuppose  some  imperfection,  such  proposals  are  commonly  not 
only  considered  by  them  as  offensive,  and  rejected  with  disdain,  but 
they  frequently  maintain  that  no  farther  improvement  in  their  line  of 
business  is  possible  ;  except  it  be  perhaps  something  they  pretend  to 
have  found  out,  and  of  which,  in  order  to  enhance  the  reputation  of 
their  goods,  they  make  a  great  mystery. 

Ingenuity  ought  certainly  to  be  rewarded.  It  is  what  every  liberal- 
minded  person  would  wish ;  but  it  is  greatly  to  be  lamented  that  the 
progress  of  real  improvements  should  ever  be  obstructed  by  the  effects 
of  professional  jealousies,  or  by  any  other  of  those  selfijEih  passions 
that  are  but  too  apt  to  influence  men  engaged  in  the  busy  scenes  of 
life. 

In  making  this  observation,  I  would  by  no  means  be  understood 
to  call  in  question  the  wisdom  of  granting  patents  for  securing  certain 
privileges  and  advantages  to  the  authors  of  new  and  useful  inventions. 
So  far  from  thinking  this  system  of  rewarding  ingenuity  disadvan- 
tageous to  society,  I  am  convinced  that  the  present  flourishing  state  of 
our  manufactures,  and  consequently  of  our  commerce,  has  been  in  a 
great  measure  owing  to  its  operation. 

I  am  only  desirous  that  science  and  cart  should  once  be  brought 
cordially  to  embrace  each  other,  and  to  direct  their  united  efforts  to 
the  improvement  of  agriculture,  manufactures,  and  commerce,  and  to 
the  increase  of  domestic  comfort 

That  the  proposed  Institution  would  facilitate  and  consolidate  that 
union  is  too  obvious  to  require  any  particular  proof  or  illustration. 

I  shall  mention  only  one  circumstance  more  that  may  be  assigned 
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as  a  canso  for  the  slownefls  of  the  progress  of  new  and  osefol  improve- 
ments,  and  that  is,  the  erroneous  opinion  that  is  but  too  generally 
entertained  with  regard  to  the  real  importance  of  what  are  called 
improvements,  or  their  tendency  to  promote  the  happiness  and  pros- 
perity of  mankind.  It  is  imagined  by  some  that  though  a  now  inven- 
tion may  have  some  degree  of  utility,  yet  as  our  forefathers,  who  were 
not  acquainted  with  it,  contrived  to  do  very  well  without  it,  so  it 
cannot  be  a  matter  of  any  very  great  importance  to  us  or  to  our  pos- 
terity, whether  it  bo  brought  forward  into  general  use  or  not.  But 
those  who  reason  in  this  manner  should  be  requested  to  recoUect  that 
all  the  successive  improvements  in  the  condition  of  man,  from  a  state 
of  ignorance  and  beurbarism  to  that  of  the  highest  cultivation  and 
refinement,  are  brought  about  by  the  use  of  machinery  in  procuring  the 
necessaries,  comforts,  and  elegancies  of  life,  and  that  the  pre-eminence 
of  any  people  is,  and  ought  ever  to  be,  estimated  by  the  state  of  taste^ 
industry,  and  mechanical  improvement  among  them. 

Those  among  the  inhabitants  of  this  happy  island,  who  have  medi- 
tated profoundly  on  this  interesting  subject,  will  be  very  far  indeed 
from  being  indifferent  to  the  progress  of  improvement,  and  will  cer- 
tainly wish  weU  to  the  success  of  the  plan  that  is  now  laid  before  them ; 
for  they  well  know  how  powerfidly  the  vivifying  rays  of  Science,  when 
properly  directed,  tend  to  excite  ihe  activity,  and  increase  the  energy, 
of  an  enlightened  nation. 

With  regard  to  the  relative  importance  of  the  different  objects  of 
improvements  that  are  held  up  to  view  in  these  Proposals,  nothing 
absolutely  decisive  can  be  determined.  They  are  all  very  important, 
and  there  are,  doubtless,  many  others  perhaps  equally  so,  that  are  not 
enumerated,  that  will,  of  course,  in  their  turns,  engage  the  attention 
of  the  Managers  of  the  Institution. 

It  will  not  escape  observation  that  I  have  placed  the  management  of 
fire  among  the  very  first  subjects  of  useful  improvement,  and  it  is 
possible  that  I  may  bo  accused  of  partiality  in  placing  the  object  of 
my  favourite  pursuits  in  that  conspicuous  situation.  But  how  could 
I  have  done  otherwise?  I  have  always  considered  it  as  being  a 
subject  very  interesting  to  mankind  ;  and  it  was  on  that  account  prin- 
cipally, that,  at  a  very  early  period  of  my  life,  I  engaged  in  its  inves- 
tigation ;  and  the  more  I  have  examined  it  and  meditated  upon  it,  the 
more  I  have  been  impressed  with  its  importance. 

When  we  consider  that  arts  and  manufactures  of  every  kind 
depend,  directly  or  indilrectly,  on  operations  in  which  fire  is  employed, 
and  that  almost  every  comfort  and  convenience  which  man  by  his 
ingenuity  procures  for  himself,  is  obtained  by  its  assistance,  we  cannot 
doubt  of  its  utility ;  and  when  we  recollect  that  the  fuel  consumed  in 
these  kingdoms  costs  annually  more  than  ten  millions  sterling,  the 
great  importance  of  every  improvement  that  can  be  made  in  the 
management  of  fire  must  be  quite  evident. 

To  me,  who  am  perfectly  persuaded  that  much  more  than  half  the 
fuel  that  is  consumed  might  very  easily  be  saved,  the  subject  must  of 
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necessity  appear  very  interestmg,  and  on  that  ground  I  hope  to  be 
excused  if  I  have  dwelt  upon  it  too  long. 

It  may  perhaps  be  not  altogether  uninteresting  to  those  to  whom 
I  now  more  particularly  addr^  myself,  to  be  made  acquainted  with 
the  history  of  these  Proposals,  and  of  the  causes  which  gave  rise  to 
them. 

Having  long  been  in  a  habit  of  considering  all  useful  improyements 
as  being  purely  mechanical,  or  as  depending  on  the  perfection  of 
machinery,  and  address  in  the  management  of  it,  and  of  considering 
profit  (which  depends  much  on  the  perfection  of  machinery)  as  the 
only  incitement  to  industry,  I  was  naturally  led  to  meditate  on  the 
means  that  might  be  employed  with  advantage  to  difitise  the  know- 
ledge, and  facilitate  the  general  introduction,  of  such  improvements ; 
and  the  plan  which  is  now  submitted  to  the  public  was  the  result  of 
these  investigations. 

In  the  beginning  of  the  year  1796  I  gave  a  faint  sketch  of  this 
plan  in  my  second  Essay ;  but  being  under  a  necessity  of  returning 
soon  to  Germany,  I  had  not  leisure  to  pursue  it  feurther  at  that  time, 
and  I  was  obliged  to  content  myself  with  having  merely  thrown  out  a 
loose  idea,  as  it  were  by  accident,  which  I  thought  might  possibly 
attract  attention. 

After  my  return  to  Munich,  I  opened  myself  more  fully  on  the 
subject  in  my  correspondence  with  my  friends  in  this  country,  and 
particularly  in  my  letters  to  Thomas  Bernard,  Esq.,*  who,  as  is  well 

***  Extracts  of  Letters  written  by  Count  Rumford  to  Thomas  Bernard,  Esq., 
from  Germany : — 

••  Munich,  28M  April,  1797. 

"  I  feel  myself  very  higbly  honoured  by  the  distinguished  mark  of  esteem  and 
regard  which  the  Society  for  Bettering  the  Condition  of  the  Poor  has  conferred  on 
me,  and  I  beg  leave  through  you  to  return  the  Society  my  respectful  and  grateful 
acknowledgments. 

**  This  flattering  proof  of  the  approbation  of  those  most  respectable  persons  who 
compose  the  Society  will  tend  very  powerfully  to  encourage  me  to  persevere  in 
those  endeavours  to  promote  the  important  objects  they  have  in  view  by  which  I 
first  obtained  their  notice  and  esteem. 

"  I  am  very  sanguine  in  my  expectations  of  the  good  which  vrill  be  done  by  this 
Society ;  they  will,  however,  he  able  to  do  much  more  by  examples — by  models  that 
can  be  seen  and  felt,  than  by  anything  that  can  be  said  or  written." 

"Mfnioh,  13M  May,  1798. 
*^  The  rapid  progress  you  are  making  in  your  most  inter^ng  and  laudable 
undertakings  afiords  me  a  high  degree  of  satisfaction.  It  proves  that  I  was  not 
mistaken  when  I  concluded  that,  notwithstanding  the  alarming  progress  of  luxury 
and  corruption  of  tasto  and  of  morals  in  England,  there  is  ^ill  good  sense  and 
energv  to  be  found,  even  in  the  highest  classes  of  society,  where  the  influx  of 
wealth  has  operated  most  powerfully.  Go  on,  my  dear  sir,  and  be  assured  that 
when  you  shall  have  put  doing  good  in  fashion,  you  will  have  done  all  that  human 
wisdom  can  do  to  retard  and  prolong  the  decline  of  a  great  and  powerful  nation 
that  has  arrived  at,  or  passed,  the  zenith  of  human  glory." 

•*  Munich,  Sth  June,  1798. 
*'  I  have  received  your  letter  from  Brighton  of  the  12th  ult.    You  can  hardly 
imagine  the  high  degree  of  pleasure  and  Eatisfaction  which  I  feel  at  your  success 
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known,  is  one  of  the  founders  and  most  active  members  of  the  Society 
for  Bettering  the  Condition  and  Increasing  the  Comforts  of  the  Poor. 

This  gentleman  I  found,  on  my  return  to  Enghmd  in  September 
last,  not  only  agreeing  with  me  in  opinion  in  regard  to  the  utility  and 
importance  of  the  plan  I  had  proposed,  but  very  solicitous  that  some 
attempts  should  be  made  to  carry  it  into  immediate  execution  in  this 
capitid. 

After  several  consultations  that  were  held  at  Mr.  Bernard's  apart- 
ments in  the  Foundling  Hospital,  and  at  the  house  of  the  Lord  Bishop 
of  Durham,  at  which  several  gentlemen  assisted,  who  are  well  known 
as  zealous  promoters  of  useful  improvement,  it  was  agreed  that  Mr. 
Bernard  should  report  to  the  Committee  of  tiie  Society  for  Bettering 
the  Condition  of  the  Poor  the  general  result  of  these  consultations, 
and  the  unanimous  desire  of  the  gentlemen  who  assisted  at  them,  that 
means  might  be  devised  for  malong  an  attempt  to  carry  the  scheme 
proposed  into  execution. 

The  gentlemen  of  the  Committee  agreed  with  me  entirely  in  the 
opinion  I  had  taken  the  liberty  to  express,  that  the  Institution  which 
it  was  proposed  to  form  would  be  too  conspicuous,  and  too  interesting 
and  important,  to  be  made  an  appendix  to  any  other  existing  establish- 
ment, and,  consequently,  that  it  must  stand  alone,  and  on  its  own 
proper  basis;  but  as  these  gentlemen  had  no  direct  communication 


in  your  most  laudable  undertakings.  Go  on,  my  dear  sir,  and  bo  assured  that  you 
will  contribute  more  essentially  to  tbe  revival  of  taste  and  morals,  of  energy, 
industry,  benevolence,  and  pntsjterity  in  your  favoured  country  than  all  the  specu- 
lators and  reformers  in  the  three  kingdoms. 

•*  When  society  is  arrived  at  a  certain  degree  of  torpid  indifference  and  enerva- 
tion of  -mind  and  body,  which  are  the  unavoidable  effects  of  wealth,  luxury,  and 
inordinate  indulgence,  mankind  must  either  be  allured  or  shamed  into  action. 
Precepts  and  admonitions  have  no  effect  on  them. 

'*  As  they  are  too  indolent  to  take  the  trouble  either  to  investigate  or  to  choose, 
they  must  b«  led  to  acts  of  useful  benevolence  as  they  are  led  in  everything  else 
— by  fashion ;  when  you  shall  have  rendered  it  perfectly  ridiculous  for  a  man  of 
fashion  and  fortune  to  have  the  appearance  of  being  insinsiblc  to  the  most  noble  and 
most  delightful  of  human  enjoyments — that  which  results  from  doing  good — you 
will  have  done  more  for  the  relief  of  the  poor  than  all  that  the  Poor  Laws  can 
ever  effect.  Deeply  impressed  witii  the  necessity  of  rendering  it  fashimuihle  to  caro 
for  the  poor  and  indigent,  and  contribute  to  their  relief  and  comfort,  in  order  to 
diffuse  in  England  tb&t  spirit  of  active  henevolence  you  are  kindling,  I  am  apt 
to  insist,  perhaps  with  too  much  prolixity,  on  that  important  point. 

"  I  am  anxious  to  hear  of  the  execution  of  your  plan  with  rtgard  to  Bridewell. 
A  well  arranged  House  of  Industry  is  much  wanted  in  London.  It  is  indeed 
absolutely  necessary  to  the  success  of  your  undertaking,  for  there  must  be  some- 
thing to  see  and  to  touch,  if  I  may  use  the  expression,  otherwise  people  in  general 
will  have  but  very  faint,  imperfect,  and  transitory  ideas  of  those  important  and 
highly  interesting  objects  witn  which  you  must  make  them  acquainted  in  order  to 
their  becoming  zealous  converts  to  our  new  philosophy,  nnd  useful  members  of  our 
community.  Pray  read  once  more  the  *  Proposals,*  published  in  my  second  Essay. 
I  really  think  that  a  public  establishment  like  that  there  described,  might  easily 
be  formed  in  London,  and  that  it  would  produce  infinite  good.  I  will  come  to 
London  to  assiBt  you  in  its  execution  whenever  you  will  in  good  earnest  undertake 
it." 
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with  any  persons,  except  with  the  members  of  their  own  Society,  they 
appointed  a  Committee,  consisting  of  eight  persons,  from  their  own 
body,  to  confer  with  me  on  the  subject  of  my  plan.* 

I  had  the  honour  to  meet  this  Committee  on  this  business  on  the 
Slst  of  January,  at  the  house  of  Bichard  Sulivan,  Esq.,  where  a  pUn  I 
had  previously  drawn  up,  for  forming  the  Institution  in  question,  was 
read  and  examined,  and  its  principles  unanimously  approved ;  but  as 
some  of  the  gentlemen  present  were  of  opinion  that  the  plan  entered 
too  much  into  detail  to  be  submitted  to  the  public  in  the  beginning  of 
the  business,  I  undertook  to  revise  it,  and  to  endeavour  to  accommo- 
date it  to  the  wishes  of  the  Committee. 

Having  made  such  alterations  in  it  as  I  thought  might  satisfy  the 
Committee,  I  sent  a  corrected  copy  of  it  to  them,  accompanied  by 
the  following  letter : — 

''  Gentlemen, 

**  Inclosed  I  have  the  honour  to  send  you  a  corrected  copy  of 
the  Proposals  I  took  the  liberty  of  laying  before  you  on  Thursday 
last,  for  forming  in  this  capital,  by  private  subscription,  a  Public 
Institution  for  di£fusing  the  knowledge  and  facilitating  the  general 
and  speedy  introduction  of  new  and  useful  mechanical  inventions  and 
improvements ;  and  also  for  teaching,  by  regular  courses  of  Philoso- 
phical Lectures  and  Experiments,  the  application  of  the  new  disco- 
veries in  science  to  the  improvement  of  arts  and  manufactures,  and  in 
fEu^ilitating  the  means  of  procuring  the  comforts  and  convenienoies  of 
Hfe. 

"  The  tendency  of  the  proposed  Institution  to  excite  a  spirit  of 
inquiry  and  of  improvement  amongst  all  ranks  of  society,  and  to  afford 
the  most  effectual  assistance  to  those  who  are  engaged  in  the  various 
pursuits  of  usefal  industry,  did  not  escape  your  observation;  and  it 
is,  I  am  persuaded,  from  a  conviction  of  the  utility  of  the  plan,  or  its 
tendency  to  increase  the  comforts  and  enjoyments  of  individuals,  and 
at  the  same  time  to  promote  the  public  prosperity,  that  you  have  been 
induced  to  take  it  into  your  serious  consideration.  I  shall  be  much 
flattered  if  it  should  meet  with  your  approbation  and  with  your  support. 

"  Though  I  am  perfectly  ready  to  take  any  share  in  the  business 
of  carrying  the  scheme  into  execution,  in  case  it  should  be  adopted, 
that  can  be  required,  yet  there  is  one  preliminary  request  which  I  am 
desirous  may  be  granted  me,  and  that  is,  that  the  Government  may  be 
previously  made  acquainted  with  the  scheme  before  any  steps  are 
taken  towards  carrying  it  into  execution ;  and  also  that  His  Majesty's 
Ministers  may  be  informed  that  it  is  in  the  contemplation  of  ihe 
founders  of  the  Institution  to  accept  of  my  services  in  the  arrange- 
ment and  management  of  it. 

•  The  gentlemen  cboflen  were.  The  Earl  of  Winchelsea,  Mr.  Wilberforoe,  The 
Bev.  Dr.  Glasse,  Mr.  Snlliyan,  Mr.  Richard  Sulivan,  Mr.  Ck)lquhoun,  Mr.  Parry, 
and  Mr.  Bernard. 
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''The  peculiar  situation  in  which  I  stand  in  this  country,  as  a 
subject  of  His  Majesty,  and  being  at  the  same  time,  by  His  Majesty's 
special  permission,  granted  under  his  royal  sign  manual,  engaged  in 
the  service  of  a  foreign  prince,  this  circumstance  renders  it  im2)roper 
for  me  to  engage  myself  in  this  important  business,  notwithstanding 
that  it  might  perhaps  be  considered  merely  as  a  private  concern, 
without  the  knowledge  and  the  approbation  of  the  Government. 

''I  am  quite  certain  that  my  engaging  in  this,  or  in  any  other 
business  in  which  there  is  any  pn)S|)€ct  of  my  being  of  any  i)ublic  use  in 
this  country,  will  meet  with  the  most  cordial  approbation  of  III h  Most 
Serene  Highness  the  Elector  Palatine,  in  whose  service  I  am ;  for  I 
know  his  sentiments  on  that  subject ;  and  although  I  do  not  imagine 
that  His  Majesty,  or  His  Majesty's  Ministers,  would  disapprove  of  my 
giving  my  assistance  in  carrying  this  scheme  into  ozocution,  yet  I 
feel  it  to  be  necessary  that  their  approbation  should  be  ankcd,  and 
obtained;  and,  if  I  might  be  allowed  to  express  my  sentiments  on 
another  matter,  which,  no  doubt,  has  already  cxxjurred  to  every  one  of 
the  gentlemen  to  whom  I  now  address  myself,  I  sliould  say  that,  in 
my  opinion,  it  would  not  only  be  proper,  but  even  necessary,  to  inform 
Government  of  the  nature  of  the  scheme  that  is  proposed,  and  of  every 
circumstance  relative  to  it,  and  at  the  same  time  to  ask  their  counte- 
nance and  support  in  carrying  it  into  execution  ;  for  although  it  may 
be  allowable,  in  this  free  country,  for  individuals  to  unite  in  forming 
and  executing  extensive  plans  for  diffusing  useful  knowledge,  and  pro- 
moting the  public  good,  yet,  it  appears  to  me,  that  no  such  establish- 
ment should  ever  be  formed  in  any  country  without  tlie  knowledge  and 
approbation  of  the  Executive  Government. 

"  Trusting  that  you  will  be  so  good  as  to  excuse  the  liberty  I  take 
in  making  this  observation,  and  that  you  will  consider  my  doing  it  as 
being  intended  rather  to  justify  myself,  by  explaining  my  principles, 
than  from  any  idea  of  its  being  necessary,  on  any  other  account,  I 
have  the  honour  to  be,  with  much  res|)ect, 

"  Gentlemen, 

"  Your  most  obedient  and 

"  Most  humble  Servant, 

(Signed)  "  Rumford. 

"  BROMrroN  Row,*  7th  Fchnumj,  1799." 

(Addressed) 

"  To  the  Gentlemen  named  by  the  Committee  of  the  Society  for 
Bettering  the  Condition  of  the  Poor  to  confer  with  Count  Rumford 
on  his  scheme  for  forming  a  new  Establishment  in  London  for  diffusing 
the  Knowledge  of  useful  Mechanical  Improvements,  (fee." 

The  Committee  above-mentioned  having,  in  the  mean  time,  made 


(Thuraday.) 
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their  Eeport  to  the  Society  for  Bettering  the  Condition  and  Increasing 
the  Comforts  of  the  Poor,  that  Society  came  to  the  following  Eesolu- 
tion : — 

"At  a  meeting  of  the  Society  for  Bettering  the  Condition  and 
Increasing  the  Comforts  of  the  Poor,  on  Friday,  the  1st  of  February, 
1799 

"PRESENT, 

The  Bishop  of  Durham,  in  the  Chair, 
Patrick  Colquhoun,  Esq., 
Thomas  Bernard,  Esq., 
William  Manning,  Esq., 
John  Sullivan,  Esq., 
The  Rev.  Dr.  Glasse, 
John  J.  Anoerstein,  Esq., 
William  Wilberforce,  Esq., 
Richard  Joseph  Sulivan,  Esq., 
Matthew  Martin,  Esq.,  Secretary, 

the  Committee  appointed  to  confer  with  Count  Rumford  reported, 
that  they  had  had  a  conference  with  the  Count,  and  that  they  were 
satisfied  that  the  Institution  proposed  by  him  would  be  extremely 
beneficial  and  interesting  to  the  community ;  that  in  order  to  provide 
the  pecuniary  funds  of  the  Society  at  its  commencement,  it  was  pro- 
posed that  subscribers  of  fifty  guineas  each  should  be  the  perpetual 
Proprietors  of  the  Institution,  and  be  entitled  each  to  perpetual  trans- 
ferable tickets  for  the  Lectures,  and  for  admission  to  the  apartments  of 
the  Institution ;  and  that  as  soon  as  thirty  such  subscribers  offered,  it 
was  proposed  to  call  a  meeting  of  those  thirty  subscribers,  in  order 
to  lay  the  plan  before  them,  and  elect  Managers  for  the  Institution. 

"  Resolved, 

"  That  the  said  Report  be  approved  of,  and  that  it  be  referred  to 
the  gentlemen  of  the  Select  Committee  to  communicate  the  outlines 
of  the  plan  to  the  members  of  the  Committee  of  the  Society,  and  to 
such  other  persons  as  they  shall  think  fit,  desiring  that  those  who  wish 
to  have  their  names  inserted  among  the  original  subscribers  to  the 
Institution  would  communicate  their  wish  to  the  Special  Committee. 

"  Extracted  from  the  Minutes, 

"  M.  Martin,  Secretary." 

In  consequence  of  this  Resolution,  a  paper  was  printed  by  the 
gentlemen  of  the  Select  Committee,  containing  the  outlines  of  the 
plan,  and  sent  round  privately  among  their  friends,  and  others  whom 
they  thought  likely  to  countenance  the  scheme,  accompanied  by  a 
printed  copy  of  the  foregoing  Resolution,  with  a  request  that  those 
who  were  willing  to  allow  their  names  to  be  put  down  among  the 
original  subscribers  and  Proprietors  of  the  Institution  would  be  so 
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good  as  to  communicate  their  intentions  by  a  letter  addressed  to 
Thomas  Bernard,  Esq.,  at  the  Foundling. 

The  Proposals  that  were  circulated  in  this  manner  met  with  so 
much  approbation  that  fiftj-eight  of  the  most  respectable  names  *  were 
sent  in  before  measures  could  be  taken  for  holding  a  meeting,  and 
these  successful  beginnings  encouraged  those  who  were  principally 
concerned  in  forming  and  bringing  forward  this  plan  to  make  some 
alterations  in  it,  and  particularly  in  respect  to  the  time  and  manner 
of  choosing  the  first  set  of  managers,  and  in  regard  to  an  application 
for  a  charter  for  the  Institution  which  it  has  been  determined  to  make 
in  order  to  place  the  establishment  on  a  more  solid  and  more  respect- 
able foundation,  and  to  give  full  security  to  the  subscribers  against  all 
future  claims  upon  them. 

In  this  stage  of  the  business,  and  especially  as  a  meeting  of  the 
subscribers  is  to  be  held  in  a  few  days  for  the  purpose  of  determining 
what  other  steps  shall  be  taken  for  carrying  the  proposed  plan  into 
execution,  I  have  thought  it  to  be  my  duty  to  lay  all  tiiese  particulars 
before  the  subscribers,  and  at  the  same  time  to  state  to  them  at  length 
the  general  outline  of  the  plan  I  have  taken  the  liberty  to  propose, 
and  in  the  execution  of  which,  if  it  should  be  adopted,  I  am  ready  to 
take  any  part  that  the  subscribers  may  wish  me  to  take. 

EUMFOKD. 
Bbompton  Bow,  4M  March,  1799. 
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The  two  great  objects  of  the  Institution  being  the  speedy  and 
general  diffusion  of  the  knowledge  of  all  new  and  useful  improvements, 
in  whatever  quarter  of  the  world  they  may  originate,  and  teaching  the 
application  of  scientific  discoveries  to  the  improvement  of  arts  and 
manufjEMstures  in  this  country,  and  to  the  increase  of  domestic  comfort 
and  convenience,  these  objects  will  constantly  be  had  in  view,  not  only 
in  the  arrangement  and  execution  of  the  plan,  but  also  in  the  future 
management  of  the  Institution. 

As  much  care  will  be  taken  to  confine  the  establishment  within  its 
proper  limits  as  to  place  it  on  a  solid  foundation,  and  to  render  it  an 
ornament  to  the  Capital  and  an  honour  to  the  British  nation. 

In  the  execution  of  the  plan  it  is  proposed  to  proceed  in  the 
following  maimer : — 

A  place  having  been  fixed  on  by  the  Managers  for  forming  the 
Institution, 

Spacious  and  airy  rooms  will  be  prepared  for  the  reception  and 
public  exhibition  of  all  such  new  and  mechanical  inventions  and  im- 


*  See  a  list  of  theao  names,  p.  zzviii. 
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provements  as  shall  be  thoaght  worthy  of  the  public  notice,  and  more 
especially  of  all  such  contrivances  as  shall  tend  to  increase  the  conve- 
niences and  comforts  of  life,  to  promote  domestic  economy,  to  improve 
taste,  or  to  promote  useful  industry. 

The  most  perfect  models  of  the  full  size  will  be  provided  and 
exhibited  in  different  parts  of  this  public  repository  of  all  such  new 
mechanical  inventions  and  improvements  as  are  applicable  to  the 
common  purposes  of  life.     Under  this  head  will  be  included : — 

Cottage  Fire-places,  and  Kitchen  Utensils  for  Cottagers. 

A  complete  Kitchen  for  a  Farm-house,  with  all  the  necessary 

Utensils. 
A  complete  Kitchen,  with  Kitchen  Utensils,  for  the  fiEunily  of  a 

gentleman  of  fortune. 
A  complete  Laundry  for  a  gentleman's  family,  or  for  a  public 

hospital,  including  Boilers,  Washing  -  room,  Ironing  -  room, 

Drjring-room,  &c. 
Several  of  the  most  approved   German,  Swedish,  and   Bussian 

Stoves,  for  heating  rooms  and  passages. 

In  order  that  those  who  visit  this  establishment  may  be  enabled  to 
acquire  more  just  ideas  of  these  various  mechanical  contrivances,  and 
of  the  circumstances  on  which  their  peculiar  merit  principally  depends, 
the  machinery  exhibited  will,  as  far  as  it  shall  be  possible,  he  shown  in 
dction,  or  in  actual  use,  and  with  regard  to  many  of  the  articles  it  is 
evident  that  this  can  be  done  without  any  difficulty,  and  with  very 
little  additional  expense. 

Open  Chimney  Fire-places  on  the  most  approved  principles  will 
be  fitted  up  as  models  in  the  different  rooms,  and  fires  will  be 
kept  constantly  burning  in  them  during  the  cold  season. 

Ornamental,  as  well  as  economical  Grates,  for  Open  Chimney  Fire- 
places, will  also  be  exhibited ;  as  also, 

Ornamental  Stoves,  in  the  form  of  elegant  Chimney-pieces,  for 
halls,  drawing-rooms,  eating-rooms,  &c. 

It  is  likewise  proposed  to  exhibit  working  models^  on  a  reduced 
scale,  of  that  most  curious  and  most  useful  machine,  the  Steam 
Engine.     ^ 

Of  Brewer's  Boilers,  with  improved  Fire-places. 

Of  Distiller's  Coppers,  with  improved  Fire-places  and  improved 

Condensers. 
Of  large   Boilers  for   the  kitchens  of  hospitals,  and  of  Ships' 
Coppers,  with  improved  Fire-places. 

Farther,  it  is  proposed  to  exhibit,  in  the  repository  of  the  Institu- 
tion : — 

Models  of  Ventilators  for  supplying  rooms  and  ships  with  fresh 
air. 
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Models  of  Hot-houses,  with  snch  improyements  as  can  be  made  in 
their  constmetion. 

Models  of  Lime-kilns,  on  varions  constructions. 

Models  of  Boilers,  Steam-boilers,  &c.,  for  preparing  food  for  cattle 
that  are  stall-fed. 

Models  of  Cottages  on  various  constructions. 

Spinning-wheels  and  Looms,  on  various  constructions,  for  the  use 
of  the  poor,  and  adapted  to  their  circumstances,  together  with 
such  otiier  machinery  as  may  be  useful  in  giving  them  employ- 
ment at  home. 

Models  of  all  such  new-invented  Machines  and  Implements  as  bid 
fftir  to  be  of  use  in  Husbandry. 

Models  of  Bridges,  on  various  constructions ;  ti)gether  with  models 
of  aU  such  other  machines  and  useful  instruments  as  the  Managers 
of  the  Institution  shall  deem  worthy  of  the  ptiblic  notice,  and 
proper  to  be  publicly  exhibited  in  the  repository  of  the  Insti- 
tution. 

It  is  proposed  that  each  article  exhibited  should  be  accompanied 
with  a  detailed  account  or  description  of  it,  properly  illustrated  by 
correct  drawings.  The  name  of  the  maker  and  the  j)lace  of  his  abode 
will  also  be  mentioned  in  this  account,  together  with  the  price  at  which 
he  is  willing  to  furnish  the  article  to  buyers. 

In  order  to  carry  into  effect  the  second  object  of  the  Institution, 
namely,  tbaohino  the  applioation  of  soienge  to  the  useful  purtobes 

OF  LIFE, 

A  lecture-room  will  be  fitted  up  for  philosophical  lectures  and 
experiments,  and  a  complete  Laboratory  and  Philosophioal  Appa- 
ratus, with  the  necessary  instruments,  will  be  provided  for  making 
chemical  and  other  philosophical  experiments. 

In  fitting  up  this  lecture-room  (which  will  never  be  used  for  any 
other  purpose  than  for  giving  lectures  in  Natural  PhiloHophy  and 
Philosophical  Chemistry)  convenient  places  will  be  provided  and  re- 
served for  the  subscribers,  and  care  wiU  be  taken  to  warm  and  light 
the  room  properly,  and  provide  for  a  sufficient  supply  of  fresh  air,  so 
as  to  render  it  comfortable  and  salubrious. 

In  engaging  Lecturers  for  the  Institution,  care  will  be  taken  by 
the  Managers  to  invite  none  but  men  of  the  first  eminence  in  science 
to  officiate  in  that  most  important  and  most  distinguished  situation ; 
and  no  subjects  will  ever  be  permitted  to  be  discussed  at  these  lectures 
but  such  as  are  strictly  scientifical,  and  immediately  connected  with 
that  particular  branch  of  science  publicly  announced  as  the  subject  of 
the  lecture.  The  Managers  to  be  responsible  for  the  strict  observance 
of  this  regulation. 

In  case  there  should  be  places  to  spare  in  the  lecture-room,  persons 
not  subscribers  wiU,  on  the  recommendation  of  a  subscriber,  and  on 
paying  a  certain  small  sum  to  be  determined  by  the  Managers,  bo 
permitted  to  attend  the  public  lectures,  or  any  one  or  more  of  them. 
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Among  the  varions  branches  of  science  that  will  occasionally  be 
made  the  subjects  of  these  public  lectures  may  be  reckoned  the 
following,  viz.    Those  lectures  will  treat : — 

Of  Heat,  and  its  application  to  the  various  purposes  of  life. 

Of  the  Combustion  of  Inflammable  Bodies,  and  the  relative  quan- 
tities of  Heat  producible  by  the  different  substances  used  as 
fuel. 

Of  the  Management  of  Fire  and  the  Economy  of  Fuel. 

Of  the  Principles  of  the  Warmth  of  Clothing. 

Of  the  Effects  of  Heat,  and  of  Cold,  and  of  hot,  and  of  cold  winds, 
on  the  human  body,  in  sickness  and  in  health. 

Of  the  Effects  of  breathing  vitiated  and  confined  air.  * 

Of  the  Means  that  may  be  used  to  render  Dwelling-houses  comfort- 
able and  salubrious. 

Of  the  Methods  of  procuring  and  preserving  Ice  in  Summer ;  and 
of  the  best  principles  for  constructing  Ice-houses. 

Of  the  Means  of  preserving  Food  in  different  seasons  and  in 
different  climates. 

Of  the  Means  of  cooling  Liquors  in  hot  weather,  without  the 
assistance  of  ice. 

Of  Vegetation,  and  of  the  specific  nature  of  those  effects  that  are 
produced  by  Manures ;  and  of  the  Art  of  composing  Manures, 
and  adapting  them  to  the  different  kinds  of  soil. 

Of  the  nature  of  those  changes  that  are  produced  on  substances 
used  as  food  in  the  various  processes  of  cookery. 

Of  the  nature  of  those  changes  which  take  place  in  the  Digestion 
of  Food. 

Of  the  Chemical  Principles  of  the  process  of  Tanning  Leather ; 
and  of  the  objects  that  must  particularly  be  had  in  view  in 
attempts  to  improve  that  most  useful  art. 

Of  the  Chemical  Principles  of  the  art  of  making  Soap  ;  of  the  art 
of  Bleaching ;  of  the  art  of  Dyeing ;  and  in  general  of  aU  the 
Mechanical  Arts,  as  they  apply  to  the  various  branches  of 
manufacture. 

Op  the  Funds  of  the  Institution. 

It  is  proposed  to  raise  the  money  necessary  for  defraying  the 
expense  of  forming  this  Institution,  and  also  for  the  future  expense 
of  keeping  it  up,  in  the  following  manner : — 

Ist.  By  the  sums  subscribed  by  the  original  founders,  and  sole 
Proprietors  of  the  Institution,  at  fifty  guineas  each  person,  to  be  but 
once  paid. 

2dly.  By  the  sums  contributed  by  those  who  shall  subscribe  for 
life,  at  ten  guineas  each  person,  to  be  but  once  paid. 

3dly.  By  the  sums  contributed  by  the  Annual  Subscribers,  at  two 
guineas  per  annum  for  each  person. 
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iilily.  By  tho  particular  donations  and  legacies  that  may  be 
expected  to  be  made  for  the  purpose  of  extending  and  improving  so 
interesting  and  so  useful  an  Institution ;  and, 

Lastly.  By  the  sums  that  shall  be  received  at  tho  door  from 
strangers  who  shall  visit  the  repository  of  the  Institution,  or  who 
shall  obtain  leave  to  frequent  the  philosophical  l^tures. 

Pbtvileges  of  the  Original  Subscribebs  ob  Pbopbietobs  of  the 

Institution. 

Imo.  These  subscribers,  who  wiU  never  he  called  upon  for  any 
further  conirOnUtons  after  the  sum  subscribed  (fifty  guineas)  shall  have 
been  once  paid,  will  be  effectually  secured  against  all  future  legal 
claims  and  demands  upon  them,  on  account  of  any  debts  the  Managers 
of  the  Institution  may  contract,  as  a  charter  for  the  Institution  will 
be  applied  for  and  obtained,  for  the  express  purpose  of  providing  for 
that  security,  before  any  other  step  shall  be  taken  for  carrying  this 
plan  into  execution,  and  before  any  part  of  the  money  subscribed  will 
be  demanded. 

2do.  Proprietors  will  not  be  deemed  liable  to  serve,  either  as 
Managers  or  as  Visitors,  against  their  consent ;  and  none  will  be  con- 
sidered as  candidates  for  either  of  those  of&ces,  or  will  be  entered  on 
the  lists  as  candidates,  or  be  prox)osed  as  such,  except  it  be  those  who 
shall  have  previously  signified  their  willingness  to  serve  in  one  of 
those  offices  in  case  of  their  being  elected. 

Stio.  For  the  still  greater  security  of  the  proprietors,  as  well  as  to 
found  the  Institution  on  a  more  solid  basis,  one-half  of  the  sums  sub- 
scribed by  the  original  Subscribers  and  Proprietors  of  the  Institution 
wiU  be  permanently  vested  in  the  public  funds,  or  in  the  purchase  of 
freehold  property,  and  tho  annual  produce  thereof  employed  in 
defraying  the  expense  of  keeping  up  the  Institution. 

4(0.  Each  original  Subscriber  and  Proprietor  of  tho  Institution  to 
be  an  hereditary  €k)vemor  of  the  Institution — to  have  a  perpetual 
transferable  share  in  all  the  property  belonging  to  it — to  have  a  voice 
in  the  election  of  the  Managers  of  the  Institution ;  as  also  in  the 
election  of  the  Committee  of  Visitors — to  have  moreover  two  trans- 
ferable tickets  of  perpetual  admission  into  the  establishment,  and  into 
every  part  of  it ;  and  two  transferable  tickets  of  admission  to  all  the 
public  philosophical  lectures  and  experiments. 

5(0.  Although  the  shares  of  Proprietors  and  all  the  privileges 
annexed  to  them  are  hereditary,  and  are  also  transferable  by  sale  or  by 
donation,  yet  those  to  whom  such  shares  are  conveyed  by  sale  or 
by  donation  must,  in  order  to  their  being  rendered  capable  of  holding 
them,  have  obtained  the  approbation  and  consent  of  the  majority  of 
the  Managers  for  the  time  being.  Those  who  shall  become  possessed 
of  these  shares  by  inheritance  will  not  stand  in  need  of  the  consent  of 
the  Managers  to  be  qualified  to  hold  them,  and  to  enjoy  tho  rights  and 
privileges  annexed  to  them. 
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Gto,  Proprietors'  tickets  will  admit  any  persons  who  shall  be  the 
bearers  of  them. 

7 mo.  Proprietors  will  have  the  privilege  of  recommending  persons 
for  admittance  to  the  philosophical  lectures  and  experiments,  and  the 
persons  so  reconmiended  will  be  admitted  in  all  cases  where  there 
shall  be  room  for  their  accommodation,  provided  that  the  persons  so 
admitted  conform  to  the  rules  and  regulations  which  will  be  esta- 
blished by  the  Managers  for  the  preservation  of  order  and  decorum 
within  the  walls  of  the  Institution. 

Svo.  No  more  than  forty  per  cent,  of  the  sum  subscribed  by  each 
Proprietor  will  be  wanted  immediately,  and  the  remainder  may  be 
furnished  in  three  equal  payments  at  the  expiration  of  the  three  next 
succeeding  half-years ;  but  it  will  be  in  the  option  of  Proprietors  to 
pay  the  whole  sum  of  fifty  guineas  at  once  if  they  should  prefer  doing 
it. 

Privileges  of  the  Subsgbibebs  for  Life. 

Each  subscriber  of  this  class  will  receive  one  ticket  for  life,  but  not 
transferable,  of  free  admission  into  the  Institution,  and  into  every  part 
of  it,  together  with  one  other  ticket  for  life,  but  not  transferable,  of  free 
admission  to  all  public  philosophical  lectures  and  experiments. 


PRrVILEGES   OF   AnNTJAL   SUBSCRIBERS. 

Each  Annual  Subscriber  will  receive  one  ticket  for  one  year,  but 
not  transferable,  of  admission  into  the  Institution,  and  into  every  part 
of  it ;  as  also  one  ticket  for  one  year,  but  not  transferable,  of  adnussion 
to  all  the  public  philosophical  lectures  and  experiments.  Subscribers 
of  this  class  will  moreover  have  a  right  of  becoming  subscribers  for 
life,  on  paying  at  any  time  within  the  year  for  which  they  subscribe 
an  additional  sum  of  eight  guineas. 


Privileges  that  are  common  to  Subscribers  of  all 

Denominations. 

Imo.  Subscribers  for  life,  and  Annual  Subscribers,  as  well  as  the 
Proprietors  of  the  Institution,  will  be  entitled  to  have  copies  or  draw- 
ings (made  at  their  own  expense  however)  of  any  of  the  models  in  the 
repository,  and  this  even  when  such  copies  are  designed  for  the  use  of 
their  friends,  as  well  as  when  they  are  wanted  for  their  own  private 
use ;  and  for  their  better  and  more  speedy  acconmiodation,  workshops 
will  bo  prepared,  and  workmen  provided  under  the  direction  of  the 
Managers,  for  executing  such  work  properly,  and  at  reasonable  prices. 
And  to  prevent  mistakes,  all  copies  or  drawings  that  shall  be  made  of 
the  machines,  models,  and  plans  lodged  in  the  repository  of  the  Insti- 
tution, will  be  examined  by  persons  appointed  for  that  purpose,  and 
marked  with  the  seal  or  stamp  of  the  Institution. 
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2do,  Tradesmen  and  artificerB  employed  in  ezecnting  any  work 
after  any  of  the  models  lodged  in  the  repository,  will,  on  the  recom- 
mendation of  a  Proprietor,  or  of  a  Subscriber  for  life,  or  for  one  year, 
be  allowed  free  access  to  such  model  as  often  as  shall  be  necessary ; 
and  any  workman  or  artificer  so  recommended,  who  shall  be  willing  to 
furnish  to  buyers  any  article  exhibited  in  the  repository  that  is  in 
his  line  of  business,  will  be  allowed  to  place  a  specimen  of  such 
article  of  his  manufacture  in  the  repository,  with  his  name  and  place 
of  abode  attached  to  it,  together  with  the  price  at  which  he  can  furnish 
it,  such  specimen  haying  been  examined  and  approved  by  the  Managers. 

Of  the  Govebnmskt  and  Manaoemsnt  of  thb  Institution. 

Imo.  All  the  affimrs  of  the  Institution  will  be  directed  and  goyemed 
by  nine  Managers  chosen  by  and  from  among  the  Proprietors  of  the 
Institution. 

2do.  For  the  greater  oonyenienoe  of  the  Proprietors,  and  to  spare 
ihem  the  trouble  of  a  G^eral  Meeting,  all  the  elections  of  Managers, 
after  the  first,  will  be  made  by  ballot,  by  means  of  sealed  lists  of  names 
sent  in  by  the  Proprietors  individually  to  the  Institution,  which  lists 
will  be  opened,  and  the  result  of  the  election  ascertained  and  published 
by  the  united  Committees  of  the  Managers  and  of  the  Visitors  for  the 
time  being. 

3tto.  The  fijrst  set  of  Managers  will  be  chosen  by  the  first  fifty  or 
more  original  subscribers,  at  a  General  Meeting  of  them  to  be  held  for 
that  purpose ;  and  of  this  first  set  of  Managers  throe  will  be  chosen  to 
serve  three  years,  three  to  serve  two  years,  and  three  to  serve  one  year^ 
reckoned  from  the  25th  day  of  March,  1799. 

4to.  All  Managers,  as  well  those  of  the  first  set  as  others,  will  be 
capable  of  being  re-elected  without  limitation. 

bto.  The  elections  of  Managers  to  be  made  annually  on  the  25th 
day  of  the  month  of  March,*  and  fourteen  days  previous  to  each  elec- 
tion the  Managers  for  the  time  being  will  send  to  each  Proprietor 
individually  a  printed  list  containing  the  names  of  all  such  of  the 
Proprietors  as  shall  have  offered  or  consented  to  be  candidates  for 
the  places  among  the  Managers  that  are  to  be  filled  up.  On  this  printed 
list  which  each  Proprietor  will  receive  he  will  indicate  the  persons  to 
whom  he  gives  his  su£&age  by  making  a  mark  with  a  pen  and  ink  in 
the  form  of  a  small  cross  just  before  the  names  of  those  persons ;  and 
this  being  done,  he  will  seal  up  the  list  without  signing  it,  and  send  it  to 
the  Institution,  directed  ''  To  the  United  Committees  of  the  Managers 
and  of  the  Visitors."  In  order  that  these  lists  may  be  recognized  on 
their  being  returned  to  the  Institution,  they  will  all  be  marked  with 
the  stamp  of  the  Institution,  previous  to  their  being  issued  or  sent  to 
the  Proprietors.     And  for  still  further  security,  each  Proprietor  will 


*  If  any  other  season  should  be  thought  more  convenient  for  these  elections,  it 
will  of  course  be  chosen  instead  of  that  here  proposed. 
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• 
be  requested  to  send  in  his  or  her  sealed  list  of  names  under  an  addi- 
tional cover,  signed  with  his  or  her  own  name,  which  additional  cover 
will  be  taken  off,  and  all  the  sealed  lists  mixed  together  in  an  nm, 
previous  to  any  of  them  being  opened — an  arrangement  that  will  e£Eec- 
tually  prevent  the  vote  of  any  individual  subscriber  being  known. 

6to,  The  Managers  are  to  serve  in  that  office  without  any  pay 
or  emolument,  or  pecuniary  advantage  whatever;  and  by  their 
acceptance  of  their  office  they  shall  be  deemed  solemnly  to  pledge 
themselves  to  the  Proprietors  of  the  Institution  and  to  the  public  for 
the  faithful  discharge  of  their  duty  as  Managers,  and  also  for  their 
strict  adherence  to  the  fundamental  principles  of  the  government  of 
the  Institution  as  established  at  its  formation. 

7mo.  The  Managers  are  to  take  care  that  the  properhr  of  the 
Institution,  as  feur  as  it  shall  be  practicable,  be  insured  agunst  acci- 
dents by  fire. 

8vo.  The  Managers  will  cause  exact  and  detailed  accounts  to  be 
kept  of  all  the  property  belonging  to  the  Institution,  as  also  of  all 
receipts  and  expenditures.  They  will  also  keep  regular  minutes  of 
all  their  proceeidings,  and  will  take  care  to  preserve  the  most  exact 
order  and  the  strictest  economy  in  the  management  of  all  the  affidrs 
and  concerns  of  the  Institution. 

9iiio.  The  Managers  are  never,  on  any  pretext,  or  in  any  manner 
whatever,  to  dispose  of  any  money  or  property  of  any  kind  belonging 
to  the  Institution  in  premiums,  as  the  design  or  object  of  the  Institu- 
tion is  NOT  TO  GIVE  BEWABDS  to  the  authors  of  ingenious  inventions, 
but  to  diffuse  the  knowledge  of  stuih  improvements  as  hid  fair  to  he  of 
general  use,  and  to  facilitate  the  general  introduction  of  them ;  and  to 
excite  and  assist  the  ingenious  and  the  enterprising  by  the  diffusion  of 
science,  and  by  awakening  a  spirit  of  inquiry. 

lOmo,  The  ordinary  meetings  of  the  Managers  for  the  dispatch  of 
the  current  business  of  the  Institution  will  be  held  weekly,  namely,  on 
every  ,  at  the  hour  of  ;  and  extraordinary 

meetings  will  be  held  as  often  as  shall  bo  found  necessary. 

llmo.  Any  three  or  more  of  the  Managers  being  present  at  any 
ordinary  or  at  an  extraordinary  meeting,  the  others  having  been  duly 
summoned,  to  be  a  quorum. 

12fno.  The  Managers  will  be  authorized  to  make  all  such  standing 
orders  and  regulations  as  they  shall  deem  necessary  to  the  preserva- 
tion of  order  and  decorum  in  the  Institution,  as  also  such  regulations 
respecting  the  manner  of  transacting  the  business  of  the  Institution  as 
they  shall  think  proper  and  convenient,  or  that  may  be  necessary  in 
order  to  regulate  the  responsibility  of  the  Managers  for  their  acts  and 
deeds;  all  such  standing  orders  and  regulations  must,  however,  in 
order  to  their  being  valid,  be  approved  by  six  at  least  of  the  Managers, 
and  they  must  all  be  published  and  made  known  to  all  the  Pro- 
prietors. 
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improTements  that  shall  be  made,  from  time  to  time,  not  only  in  this 
country,  but  also  in  all  the  different  parts  of  the  world,  the  Managers 
will  employ  the  proper  means  for  obtaining,  as  early  as  possible,  from 
every  part  of  the  British  Empire,  and  from  all  foreign  oonntries, 
authentic  accounts  of  all  such  new  and  interesting  discoveries  in  the 
various  branches  of  science,  and  in  arts  and  manufactures,  and  also  of 
all  such  new  and  useful  mechanical  improvements  as  shall  be  made ; 
and  a  room  will  be  set  apart  in  the  Institution  where  all  such  informa- 
tion will  be  lodged,  and  where  it  will  be  kept  for  the  sole  and  exclu- 
sive use  and  inspection  of  the  Proprietors  and  subscribers,  and  where 
no  stranger  will  ever  be  admitted. 


SUPPLEMENT. 

Since  the  foregoing  sheets  were  printed  off  and  distributed  among 
the  original  subscribers,  a  meeting  of  the  subscribers  has  been  held, 
when  &e  following  Besolutions  were  unanimously  taken: — 

« INSTITUTION 

for  diffusing  the  Knowledge,  and  facilitating  the  general  Introduction  of 
useful  Mechanical  Inventions  and  Improvements ;  and  for  teaching,  by 
Courses  of  Philosophical  Lectures  and  Experiments,  the  AppliccUion  of 
Science  to  (he  common  Purposes  of  Life, 

^  At  a  General  Meeting  of  the  Pbopbietobs,  held  at  the  house  of 
the  Bight  Honourable  Sir  Joseph  Banks,  Bart.,  E3.,  in  Soho  Square, 
on  the  7th  day  of  March,  1799, 

"  The  Right  Hon.  SIR  JOSEPH  BANKS  in  the  Chair, 

'*  the  following  list  of  the  Proprietors,  and  original  subscribers  of  fifty 
guineas  each,  was  read : — 


8iB  Robert  Ainslie,  Bart 

J.  J.  Anobbbtein,  Esq. 

Right  Hon.  Sib  Joseph  Bamkb,  KB. 

Thomab  Bernard,  Esq. 

ScROPE  Bernard,  Esq.,  M.P. 

The  Earl  of  Besborough. 

Rowland  Burdon,  Esq.,  M.P. 

Jambs  Burton,  Esq. 

TiMOTHT  Brent,  Esq. 

Henrt  Cavendish,  Esq. 

Rich.  Clark,  Esq^  Chamb.  of  London. 

Sir  John  Colpots,  K.B. 

John  Craufurd,  Esq. 

The  Duke  of  Dbyonshirb,  K.G. 

Andrew  DouoiJks,  Eso. 

The  Lord  Bishop  of  Durham. 

The  Earl  of  Egremont. 


Oborob  Ellis,  Esq.,  MJP. 

Joseph  Grote,  Esq. 

Sir  Robert  Bateson  Hartet,  Bart 

Sir  John  Cox  Hippeslet,  Bart. 

Henrt  Hoare,  Esq. 

Lord  Hobart. 

Lord  Holland. 

Henry  Hope,  Esq. 

Thomas  Hope,  Esq. 

Lord  Keith,  K.B. 

WiLUAM  LusHiNGTON,  Esq.,  M.P. 

Sir  John  Maopherson,  Bart,  M.P. 

WnjjAM  Manning,  Esq.,  M.P. 

The  Earl  of  Mansfield. 

The  Earl  of  Morton,  K.T. 

Lord  Ossulston. 

Thoxab  Palmer,  Esq. 


SujpptemmU. 


The  Lord  Yisoount  PAijfEB8TQN,M.P. 

Edwabd  Pabrt,  Esq. 

BioBT  Hon.  Thomas  Pklham,  M.P. 

John  PEinf,  Esq. 

William  Mobton  Pitt,  Esq.,  M.P. 

Sib  James  Pultenet,  Bart,  ILP. 

Sir  Johh  Buchbanan  Biddell,  Bart. 

Ck)UKT  BUMFOBD. 

Sib  John  Sinclair,  Bart.,  M.P. 

LOBD  SOMEBYIILB. 

John  Spalding,  Esq.,  M.P. 
The  Eabl  Sfenceb,  K.Q. 


Sib  Geobqb  Staunton,  Bart. 

John  Sulliyan,  Esq. 

Bichard  Joseph  Suliyan,  Esq. 

Lord  Teionmouth. 

John  Thomson,  Esq. 

Samuel  Thornton,  Esq.,  M.P. 

Henrt  Thornton,  Esq.,  M.P. 

Georob  Yansittart,  Esq.,  MJP. 

William  Wilbsriorob,  Esq.,  M.P. 

The  Earl  of  Winchblsea. 

Hon.  James  Stuabt  Wobtlet,  M.P. 

Sib  William  Touno,  Bart.,  MJP. 


''  The  foUawing  BesciuHona  were  agreed  to  ufUMimcudy : — 

^  L — That  before  any  measures  are  taken  for  carrying  the  plan 
into  execution,  a  petition  be  presented  to  His  Majbstt,  praying  that 
he  would  be  graciously  pleased  to  grant  a  Chabteb  to  the  Ikstitu- 

TIOK. 

^'  n. — That  an  outline  of  the  plan  be  laid  before  the  Bight  Honour- 
able Mb.  Pitt  and  His  Grace  the  Dukx  of  Pobtlamd. 

<*  HL — That,  for  these  purposes,  it  is  expedient  to  elect  the  Com- 
mittee of  Managers. 

**  lY. — That  the  following  Proprietors  {who  have  agreed  to  eerve  in 
ease  they  $haU  he  elected)  be  now  elected  as  the  firet  Managere  of  the 
Institution : — 

For  three  years. 

The  Eabl  Spekoeb. 

OOUNT  BUMFOBD. 

BiCHABD  Clabx,  Esq. 

For  two  years. 

The  Eabl  of  Eobemont. 
Bt.  Hon.  Sib  Joseph  Banks. 
BiOH.  Joseph  Suuyak,  Esq. 

For  one  year. 

The  Eabl  of  Mobtok. 

The  Bt.  Hon.  Thomas  Pelham. 

Thomas  Bebnabd,  Esq. 

"  y. — That  the  said  Managers  be  desired  to  solicit  a  Charter  for 
the  Institution,  upon  principles  conformable  to  the  Proposals  which 
have  been  printed  and  distributed,  and  (as  soon  as  the  Charter  is 
obtained)  to  publish  the  plan  for  the  benefit  of  the  public,  in  such 
maimer  as  they  shall  deem  most  expedient ;  and  also  to  take  prepara- 
tory measures  for  opening  the  Institution. 

*'  That  these  Besolutions  be  inserted  in  the  public  papers. 

**  Jos.  Banks,  Ohamncm.** 
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Sir  Joseph  Banks  haying  quitted  the  Chair, 

"  Besolvbd, 

<<  That  the  thanks  of  the  Meeting  be  given  to  him  for  his  oondact 
in  the  Chair." 

«  N.B. — Count  Rmnford's  original  Proposals  for  forming  the  Insti- 
tution may  be  had  of  Messrs.  Cadell  and  Davies,  in  the  Strand." 


Since  this  Meeting  of  the  Pbopbietobs,  a  Meeting  of  the  Managebs 
has  been  held,  and  the  following  Besolutions  taken : — 

''  At  the  first  meeting  of  the  Managebs  of  the  Institution,  held  at 
the  house  of  the  Bight  Honourable  Sir  Joseph  Banks,  in  Soho  Square, 
the  9th  of  March,  1799  : 

"  On  a  motion  made  by  Count  Eumfobd, 

« I. — Hesolved,  That  Sm  Joseph  Banks  be  requested  to  take  the 
Chair ;  and  that  he  do  continue  to  preside  at  all  future  Meetings  of 
the  Managers,  until  a  Charter  shall  have  been  obtained  from  His 
Majesty  for  the  Institution. 

'<n. — Eesolyed,  That  all  Acts  and  Deeds  of  the  Managers,  in 
carrying  on  the  business  of  the  Institution,  be  transacted  and  done  in 
the  name  of  *  The  Managers  of  the  Institution.' 

"  m. — Besolyed,  That  at  each  Meeting  of  the  Managers,  one  of 
the  Managers  present  be  elected  by  a  majority  of  those  present,  to  act 
as  Seobetabt  to  the  Managers  at  that  Meeting. 

"  rV. — Besolved,  That  the  Minutes  of  the  Proceedings  of  each 
Meeting  of  the  Managers  for  the  dispatch  of  the  business  of  the  Insti- 
tution, as  well  as  all  Orders,  Besolutions,  and  other  Acts  and  Deeds  of 
the  Managers,  be  signed  by  the  person  who  acts  as  President,  and  also 
by  the  person  who  acts  as  Secretary  at  the  Meeting  at  which  such 
business  is  transacted. 

"  Y. — Besolved,  That  the  persons  present  at  this  Meeting  do  now 
proceed  to  make  choice  of  one  of  their  number  to  act  as  Secretary  at 
the  present  Meeting. 

"  YI. — Besolyed,  That  Thomas  Bebnabd,  Esq.,  is  duly  elected  to 
act  as  Secretary  at  the  present  Meeting. 

"  VII. — Besolyed,  That  the  Proposals  for  forming  the  Institution, 
as  published  by  Count  Bumtobd,  be  approved  and  adopted  by  the 
Managers,  subject,  however,  to  such  partial  modifications  as  shall  be 
by  them  found  to  be  necessary  or  useful. 

"  Vlll. — Besolyed,  That  the  Eabl  of  Mobton,  the  Eabl  Spenobb, 
Sib  Joseph  Banks,  and  Mb.  Pelham,  or  any  one  or  more  of  them,  be 


Supplement. 

requested  to  lay  the  Proposals  for  forming  the  Institution  before  HIS 
MAJESTY  and  the  BOYAL  FAMILY,  and  before  His  Majesty's 
MiNisTEBS  and  the  Great  Officers  of  State. 

"  IX. — Resolved,  That  the  Proposals  for  forming  the  Institution 
be  laid  before  the  Members  of  both  Houses  of  Paruament,  and  also 
before  the  members  of  His  Majestt^s  Most  Honourable  Priyt 
Council,  and  the  twelve  Judges. 

''  Messrs.  Cadell  and  Davies,  booksellers  in  the  Strand,  having 
generously  offered  to  make  a  donation  to  the  Institution  of  500  copies 
of  the  original  Proposals  for  forming  the  Institution,  published  by 
Count  Bnmford : 

'*  X. — Eesolved,  That  the  thanks  of  the  Managers  be  given  to 
Messrs.  Cadell  and  Davies  for  this  donation ;  that  it  be  accepted ;  and 
that  these  500  copies  of  the  Proposals  be  distributed  among  such 
persons  as  the  Managers  may  think  most  likely  to  give  their  assistance 
in  forming  the  Institution." 


Although  the  author  of  the  foregoing  Proposals  is  anxious  to  avoid 
every  appearance  of  taking  a  liberty  with  his  readers  which  he  is  very 
sensible  he  has  no  right  to  take,  and  which  would  be  improper  on 
many  accounts, — that  of  soliciting  as  a  favour  their  countenance  and 
support  in  carrying  into  execution  the  plan  he  has  had  the  honour  to 
lay  before  them,  yet  as  it  is  possible  that  some  of  those  who  may  read 
these  Proposals  may  be  disposed  to  give  that  assistance  in  some  one  or 
more  of  the  various  ways  in  which  it  can  be  given  and  received,  to  save 
trouble  to  those  who  may  be  so  disposed,  the  two  following  leaves,  which, 
when  taken  out  of  this  pamphlet,  will  form  an  open  letter,  are  annexed 
to  this  publication,  which  paper  being  divided  into  separate  columns, 
distinguished  according  to  the  different  heads  under  which  the  sub- 
scriptions can  be  regularly  entered,  those  who  are  disposed  to  contri- 
bute to  the  execution  of  the  plan  are  requested  to  put  down  their 
names  and  places  of  abode  in  the  column  they  may  choose,  and  after 
sealing  up  the  paper  with  a  wafer,  send  it  according  to  its  address. 

Those  who  are  desirous  of  becoming  Proprietors  of  the  Institution 
are  requested  to  consider  themselves  as  candidates  for  Proprietors' 
places  until  they  shall  have  been  elected  as  such  by  a  majority  of  the 
Managers. 

Those  who  put  down  their  names  in  the  lists  as  Subscribers  for  life^ 
or  as  Annual  Subscribers^  will  not  be  called  upon  for  the  sums  subscribed 
till  after  the  Institution  shall  have  been  opened. 

Those  who  make  donations  to  the  Institution  are  requested  to  fix 
the  time  or  periods  when  the  sums  proposed  to  be  given  may  be  called 
for  by  the  Managers. 


To 


The  Bight  HonourahU  Sir  Joseph  Banks,  Bart.,  K.B. 


Soho  Square, 


Names  and  Places  of  Asodb  of  Persons  who  are  whjjno  to  contbibute 

TOWARDS  FORMINQ  AND  MAINTAININO  A  PUBLIC  INSTITUTION  FOB 
DIFFUSINO  THE  KNOWLEDGE  AND  FAdLITATIKO  THE  GENERAL  InTRODUOTIQN 
OF  USEFUL  MeOHANIOAL  INTENTIONS  AND  ImFROTEMENTB,  &0. 


GaodldateB  for  Proprietor^ 
ShoTM  at  60  GoineMeach. 


Sabfcriben  for  life  at  10 
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John  Tyndall,  Esq.  LL.D.  F.R.S. 

PBOFFAiOB  or  KATUIUJ.  PHILOeOPHT  IN  THK  EOTAL  IK8TITDTIOK. 

On  Dust  and  Disease. 

Solas  light  in  passing  through  a  dark  room  reveals  its  track  by 
illuminating  the  dust  floating  in  the  air.  ''  The  sun,"  says  Daniel 
CulTcrwell,  "  discovers  atomes,  though  they  be  invisible  by  candle- 
light, and  makes  them  dance  naked  in  his  beams."  * 

In  my  researches  on  the  decomposition  of  vapours  by  light  I  was 
compelled  to  remove  these  "  atomes  "  and  this  dust.  It  was  essential 
that  the  space  containing  the  vapours  should  embrace  no  visible  thing ; 
that  no  substance  capable  of  scattering  the  light  in  the  slightest  sen- 
sible degree  should,  at  the  outset  of  an  experiment,  be  found  in  the 
^  ex])eri  mental  tube  "  traversed  by  the  luminous  beam. 

For  a  long  time  I  was  troubled  by  the  appearance  there  of  floating 
dust,  which  though  invisible  in  difiEiise  daylight  was  at  once  revealed 
by  a  powerfully  condensed  beam.  Two  tubes  were  placed  in  succession 
in  the  path  of  the  dust :  the  one  containing  fragments  of  glass  wetted 
with  concentrated  sulphuric  acid  ;  the  other,  fragments  of  marble 
wetted  with  a  strong  solution  of  caustic  potash.  To  my  astonishment 
it  jMUiiscd  through  both.  The  air  of  the  Eoyal  Institution  sent  through 
these  tubes  at  a  rate  sufficiently  slow  to  dry  it,  and  to  remove  its 
earlxmic  acid,  carried  into  the  experimental  tube  a  considerable  amount 
of  mechanically  suspended  matter,  which  was  illuminated  when  the 
beam  passcil  through  the  tube.  The  efiect  was  substantially  the  same 
when  the  air  was  permitted  to  bubble  through  the  liquid  acid  and 
through  the  solution  of  potash.  The  core  of  the  bubble  does  not 
touch  the  acid,  and  even  the  dust  particles  which  come  into  contact  with 
the  acid  require  time  to  be  wetted  by  it.  When  left  sufficiently  long 
in  contact  with  the  acid,  the  particles  are  destroyed. 

Thus,  on  the  5th  of  October,  1868,  successive  charges  of  air  were 
admitted  through  the  potash  and  sulphuric  acid  into  the  exhausted 

*  (Ju  u  (lay  of  tian&ioDt  shadows  there  is  Bomething  almost  magical  in  the  rise 
an<i  di«;^lutiuu  of  the  luminous  beams  amoug  the  sca£folding  poles  of  the  Royal 
AiUrt  Uull. 
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exporimental  tube.  Prior  to  the  admission  of  the  air  the  tabe  was 
optically  empty ;  it  contained  nothing  competent  to  scatter  the  light. 
After  the  air  had  entered  the  tube,  the  conical  track  of  the  electric 
beam  was  in  all  cases  clearly  revealed.  This  indeed  was  a  daily 
observation  at  the  time  to  which  I  now  refer. 

I  tried  to  intercept  this  floating  matter  in  various  ways ;  and  on  the 
day  just  mentioned,  prior  to  sending  the  air  through  the  drying 
apparatus,  I  carefully  permitted  it  to  pass  over  the  tip  of  a  spirit-lamp 
flame.  The  floating  matter  no  longer  appeared,  having  been  burnt  up 
by  the  flame.  It  was  therefore  of  organic  origin.  I  was  by  no  means 
prepared  for  this  result ;  for  I  had  thought  that  the  dust  of  our  air 
was,  in  great  part,  inorganic  and  non-combustible. 

Mr.  Valentin  had  the  kindness,  to  procure  for  me  a  small  gas- 
furnace  containing  a  platinum  tube,  which  could  be  heated  to  vivid 
redness.*  The  tube  also  contained  a  roll  of  platinum  gauze,  which, 
while  it  permitted  the  air  to  pass  through  it,  ensured  the  practical 
contact  of  the  dust  with  the  incandescent  metal.  The  air  of  the 
laboratory  was  permitted  to  enter  the  experimental  tube,  sometimes 
through  the  cold,  and  sometimes  through  the  heated,  tube  of  platinum. 
The  rapidity  of  admission  was  also  varied.  In  the  first  column  of  the 
following  Table  the  quantity  of  air  operated  on  is  expressed  by  the 
number  of  inches  which  the  mercury  gauge  of  the  air-pump  sank  when 
the  air  entered.  In  the  second  column  tlio  condition  of  the  platinum 
tube  is  mentioned,  and  in  the  third  the  state  of  the  air  which  entered 
the  experimental  tube. 

Quantity  of  Air.  State  of  Platinum  Tube.  State  of  Experimental  Tube. 

15  iocbea     Cold Full  of  particles. 

15     „  Ked-hot     Optically  empty. 

The  phrase  '*  optically  empty  "  shows  that  when  the  conditions  of 
perfect  combustion  were  present,  the  floating  matter  totally  disappeared. 
It  was  wholly  burnt  up,  leaving  no  sensible  residue.  The  experiment 
was  repeated  many  times  with  the  same  invariable  result. 

The  particles  floating  in  the  air  of  London  being  thus  proved  to 
be  of  organic  origin,'|'  I  sought  to  bum  tliem  up  at  the  focus  of  a  concave 
reflector.  One  of  the  powerfully  convergent  mirrors  employed  in  my 
experiments  on  combustion  by  dork  rays  was  here  made  use  of,  but  I 
failed  in  the  attempt.      Doubtless  the  floating  particles  are  in  port 

*  Pasteur  was,  I  believe,  the  first  to  employ  suoh  a  tube. 

t  According  to  an  analysis  kindly  furnished  to  me  by  Dr.  Percy,  the  duat 
collected  from  the  v^ails  of  the  British  Museum  contains  fully  50  per  cent,  of 
inorganic  matter.  I  have  every  confidence  in  the  results  of  this  distinguished 
chemist ;  they  show  that  the  jiixitimj  dust  of  our  rooms  is,  as  it  were,  winnowed 
from  the  heavier  matttT.  As  bearing  directly  ujwn  this  point  I  may  quote  the 
following  passage  from  Pasteur : — "  Mais  ioi  se  pre'sente  une  remarque :  la 
poussicre  que  Ton  trouve  h  la  surface  de  tons  les  corj)s  est  soumise  constamment  a 
des  courants  d*air,  qui  doivcnt  soulever  ses  i)articule8  les  plus  Icgeres,  au  nombre 
desquclles  se  trouvent,  sans  doute,  de  preference  les  corpuscules  organises,  oeufs  ou 
spores,  moins  loords  gencralcment  que  les  particules  mincrales." 
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trangparent  to  radiant  heat,  and  are  so  fieur  inoombnstible  by  sncb  heat 
Their  rapid  motion  through  the  focus  also  aids  their  escape.  Thoy  do 
not  linger  there  sufficiently  long  to  be  consumed.  A  flame  it  was 
evident  would  bum  them  up,  but  I  thought  the  presence  of  the  fame 
would  mask  its  own  action  among  the  particles. 

In  a  cylindrical  beam,  which  powerfully  illuminated  the  dust  of 
the  laboratory,  was  placed  an  ignited  spirit-lamp.  Mingling  with  the 
flame,  and  round  its  rim,  were  seen  wreaths  of  darkness  resembling 
an  intensely  black  smoke.  On  lowering  the  flame  below  the  beam 
the  same  dark  masses  stormed  upwards.  They  were  at  times  blacker 
than  the  blackest  smoke  that  I  have  ever  seen  issuing  from  the  funnel  of 
a  steamer ;  and  their  resemblance  to  smoke  was  so  perfect  as  to  lead  the 
most  practised  observer  to  conclude  that  the  apparently  pure  flame  of 
the  alcohol  lamp  required  but  a  beam  of  sufficient  intensity  to  reveal 
its  clouds  of  liberated  carbon. 

But  is  the  blackness  smoke  ?  This  question  presented  itself  in  a 
moment.  A  red-hot  poker  was  placed  underneath  the  beam,  and  from 
it  the  black  wreaths  also  ascended.  A  large  hydrogen  flame  was  next 
employed,  and  it  produced  those  whirling  masses  of  darkness  far  more 
copiously  than  either  the  spirit-flame  or  poker.  Smoke  was  therefore 
out  of  the  question. 

What  then  was  the  blackness  ?  It  was  simply  that  of  stellar  space ; 
that  is  to  say,  blackness  resulting  from  the  absence  from  the  track  of 
the  beam  of  all  matter  competent  to  scatter  its  light.  When  the  flame 
was  placed  below  the  beam  tbe  floating  matter  was  destroyed  in  situ  ; 
and  the  air,  freed  from  this  matter,  rose  into  the  beam,  jostled  aside 
the  illuminated  particles,  and  substituted  for  their  liglit  the  darkness 
due  to  its  own  perfect  transparency.  Nothing  could  more  forcibly 
illustrate  the  invisibility  of  tbe  agent  which  renders  all  things  visible. 
The  beam  crossed,  unseen,  tbe  black  chasm  formed  by  the  trausparent 
air,  while  at  both  sides  of  the  gap  the  tbick-strewu  particles  shone 
out  like  a  luminous  solid  under  tbe  powerful  illumi nation. 

But  here  a  difficulty  meets  us.  It  is  not  necessary  to  bum  the 
particles  to  produce  a  stream  of  darkness.  Without  actual  combustion, 
currents  may  be  generated  which  shall  exclude  tbe  floating  matter, 
and  therefore  appear  dork  amid  tlie  surrounding  brightness.  I  noticed 
this  effect  first  on  placing  a  red-hot  copper  ball  below  tbe  beam,  and 
permitting  it  to  remain  tliere  until  its  temperature  hod  fallen  l)elow 
that  of  boiling  water.  Tbe  dark  currents,  though  much  enfeebled, 
were  still  produced.  They  may  also  be  produced  by  a  flask  tilled 
with  hot  water. 

To  study  this  eflect  a  platinum  wire  was  stretched  across  the  beam, 
the  two  ends  of  the  wire  being  connected  with  tbe  two  poles  of  a 
Voltaic  battery.  To  regulate  the  strength  of  tbe  current  a  rbeostat 
was  placed  in  the  circuit.  Beginning  with  a  feeble  current  tbe 
tt'mpcrature  of  the  wire  was  gradually  augmented ;  but  before  it 
n  ached  Uie  heat  of  ignition,  a  flat  stream  of  air  rose  from  it,  which 
when  looked  at  edgeways  appeared  darker  and  sharper  than  one  of 
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the  blackest  lines  of  Frannhofer  in  the  solar  spectmm.  Bight  and 
left  of  this  dark  vertical  band  the  floatinjg  matter  rose  upwards, 
bounding  definitely  the  non-lnminous  stream  of  air.  What  is  the 
explanation  ?  Simply  this.  The  hot  wire  rarefied  the  air  in  contact 
with  it,  but  it  did  not  equally  lighten  the  floating  matter.  The  con- 
vection current  of  pure  air  therefore  passed  upwards  among  the  inert 
particles,  dragging  them  after  it  right  and  left,  but  forming  between 
them  an  impassable  black  partition.  This  elementary  experiment 
enables  us  to  render  an  account  of  the  dark  currents  produced  by 
bodies  at  a  temperature  below  that  of  combustion. 

When  the  wire  is  white  hot,  it  sends  up  a  band  of  intense  darkness. 
This,  I  say,  is  due  to  the  destruction  of  the  floating  matter.  But  even 
when  its  temperature  does  not  exceed  that  of  boUing  water  the  wire 
produces  a  dark  ascending  current.  This,  I  say,  is  due  to  the  distri- 
hution  of  the  floating  matter.  Imagine  the  wire  clasped  by  the  mote- 
filled  air.  My  idea  is  that  it  heats  the  air  and  lightens  it,  without 
in  the  same  degree  lightening  the  floating  matter.  The  tendency, 
therefore,  is  to  start  a  current  of  clean  air  through  the  mote-filled  air. 
Figure  the  motion  of  the  air  all  round  the  wire.  Looking  at  its 
transverse  section  we  should  see  the  air  at  the  bottom  of  the  wire 
bending  round  it  right  and  left  in  two  branch  currents,  ascending  its 
sides  and  turning  to  fill  the  partial  vacuum  created  above  the  wire. 
Now  as  each  new  supply  of  air  filled  with  its  motes  comes  in  contact 
with  the  hot  wire,  the  clean  air,  as  just  stated,  is  first  started  through 
the  inert  motes.  They  are  dragged  after  it,  but  there  is  a  fringe  of 
cleansed  air  in  advance  of  the  motes.  The  two  purified  fringes  of  the 
two  branch  currents  unite  above  the  wire,  and,  keeping  the  motes  that 
once  belonged  to  them  right  and  left,  they  form  by  their  union  the 
dark  band  observed  in  the  experiment.  This  process  is  incessant. 
Always  the  moment  the  mote-filled  air  touches  the  wire  this  dis- 
tribution is  eflected,  a  permanent  dark  band  being  thus  produced. 
Could  the  air  and  the  particles  under  the  wire  pass  through  its 
mass  we  should  have  a  vertical  current  of  particles,  but  no  dark 
band.  For  here,  though  the  motes  would  be  left  behind  at  starting, 
they  would  hotly  follow  the  ascending  current*  and  thus  abolish  the 
darkness. 

It  has  been  said  that  when  the  platinum  wire  is  intensely  heated, 
the  floating  matter  is  not  only  distributed,  but  destroyed.  Let  this 
be  proved.  I  stretched  a  wire  about  4  inches  long  through  the  air  of 
an  ordinary  glass  shade  resting  on  its  stand.  Its  lower  rim  rested  on 
cotton  wool,  which  also  surrounded  the  rim.  The  wire  was  raised  to 
a  white  heat  by  an  electric  current  The  air  expanded,  and  some  of 
it  was  forced  through  the  cotton  wool,  while  when  the  current  was 
interrupted  and  the  air  within  the  shade  cooled,  the  expelled  air  in  its 
return  did  not  carry  motes  along  with  it.  At  the  beginning  of  this 
experiment  the  shade  was  charged  with  floating  matter ;  at  the  end  of 
half  an  hour  it  was  optically  empty. 

On  the  wooden  base  of  a  cubical  glass  shade  measuring  11^  inches 
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ivory  paper-cntter,  rapidly  across  the  beam,  the  impression  of  its 
section  will  linger  on  the  retina.  The  section  seems  to  float  for  a 
moment  in  the  air  as  a  luminous  circle  with  a  rim  much  brighter  than 
its  central  portion.  The  core  of  the  beam  is  thus  seen  to  be  enclosed 
by  an  intensely  luminous  sheath.  An  effect  complementary  to  this  is 
observed  when  the  beam  is  intersected  by  the  dark  band  from  the  pla- 
tinum wire.  The  brighter  the  illumination,  the  greater  must  be  the 
relative  darkness  consequent  on  the  withdrawal  of  the  light.  Hence  the 
cross  section  of  the  sheath  surroimds  the  dark  band  as  a  darker  ring. 

Oxygen,  hydrogen,  nitrogen,  carbonic  acid,  so  prepared  as  to  ex- 
clude aU  floating  particles,  produce  the  darkness  when  poured  or 
blown  into  the  beam.  Coid-gas  does  the  same.  An  ordinary  glass 
shade  placed  in  the  air  with  its  mouth  downwards  permits  the  tradk  of 
the  beam  to  be  seen  crossing  it.  Let  coal-gas  or  hydrogen  enter  the 
shade  by  a  tube  reaching  to  its  top,  the  gas  gradually  Alls  the  shade 
from  the  top  downwards.  As  soon  as  it  occupies  the  space  crossed  by 
the  beam,  the  luminous  track  is  instantly  abolished.  Lifting  the  shade 
so  as  to  bring  the  common  boimdary  of  gas  and  air  above  the  beam,  the 
track  flashes  forth.  After  the  shade  is  full,  if  it  be  inverted,  the  gas 
passes  upwards  like  a  black  smoke  among  the  illuminated  particles. 

The  air  of  our  London  rooms  is  loaded  with  this  organic  dust,  nor 
is  the  country  air  free  from  its  pollution.  However  ordinary  daylight 
may  permit  it  to  disguise  itself,  a  sufliciently  powerfol  beam  causes 
the  air  in  which  the  dust  is  suspended  to  appear  as  a  semi-solid  rather 
than  as  a  gas.  Nobody  could,  in  the  first  instance,  without  repugnance 
place  the  mouth  at  the  illuminated  focus  of  the  electric  beam  and 
inhale  the  dirt  revealed  there.  Nor  is  the  disgust  abolished  by  the 
reflection  that,  although  we  do  not  sec  the  nastiness,  we  are  churning 
it  in  our  lungs  every  hour  and  minute  of  our  lives.  There  is  no 
respite  to  this  contact  with  dirt ;  and  the  wonder  is,  not  that  we 
should  from  time  to  time  suffer  from  its  presence,  but  that  so  small  a 
portion  of  it  would  appear  to  be  deadly  to  man. 

And  what  is  this  portion?  It  was  some  time  ago  the  current 
belief  that  epidemic  diseases  generally  were  propagated  by  a  kind  of 
malaria,  which  consisted  of  organic  matter  in  a  state  of  motor-decay  ; 
that  when  such  matter  was  taken  into  the  body  through  the  lungs  or 
skin,  it  had  the  power  of  spreading  there  the  destroying  process  which 
had  attacked  itself.  Such  a  spreading  power  was  visibly  exerted  in 
the  case  of  yeast.  A  little  leaven  was  seen  to  leaven  the  whole 
lump,  a  mere  speck  of  matter  in  this  supposed  state  of  decomposition 
being  apparently  competent  to  propagate  indefinitely  its  own  decay. 
Why  should  not  a  bit  of  rotten  malaria  work  in  a  similar  manner 
within  the  human  frame?  In  1836  a  very  wonderful  reply  was 
given  to  this  question.  In  that  year  Cagniard  de  la  Tour  discovered 
the  yecL8t  plant,  a  living  organism,  which  when  placed  in  a  proper 
medium  feeds,  grows,  and  reproduces  itself,  and  in  this  way  carries  on 
the  process  which  we  name  fermentation.  Fermentation  was  thus 
proved  to  be  a  product  of  life  instead  of  a  process  of  decay. 


8  Professor  Tynddtt  [Jan.  21, 

called  a  cannnla,  to  which  is  attached  a  sharp  steel  point  called  a 
trocar.  They  puncture  with  the  steel  point,  and  hy  gentle  pressure 
they  force  the  pus  through  the  cannula.  It  is  necessary  to  be  very 
careful  in  cleansing  the  instrument ;  and  it  is  difficult  to  see  how  it 
can  be  cleansed  by  ordinary  methods  in  air  loaded  with  organic  im- 
purities, as  we  have  proved  our  air  to  be.  The  instrument  ought,  in 
fact,  to  be  made  as  hot  as  its  temper  will  bear.  But  this  is  not  done ; 
and  hence,  notwithstanding  all  the  surgeon's  care,  inflammation  often 
sets  in  after  the  first  operation,  rendering  necessary  a  second  and  a 
third.  Bapid  putrefaction  is  found  to  accompany  this  new  inflamma- 
tion. The  pus,  moreover,  which  was  sweet  at  first,  and  showed  no  trace 
of  animal  life,  is  now  fetid,  and  swarming  with  active  little  organisms 
called  vibrios.  Professor  Lister,  from  whose  recent  able  lecture  this 
fact  is  derived,  contends,  with  the  strongest  show  of  reason,  that  this 
rapid  putrefaction  and  this  astounding  development  of  animal  life 
are  due  to  the  entry  of  germs  into  the  abscess  during  the  first  opera- 
tion, and  their  subsequent  nurture  and  development  under  favourable 
conditions  of  food  and  temperature.  The  celebrated  physiologist  and 
physicist  Helmholtz  is  attacked  annually  by  hay-fever.  From  the 
20th  of  May  to  the  end  of  June  he  suffers  from  a  catarrh  of  the  upper 
air-passages ;  and  he  has  found  during  this  period,  and  at  no  other, 
that  his  nasal  secretions  are  peopled  by  these  vibrios.  They  appear 
to  nestle  by  preference  in  the  cavities  and  recesses  of  the  nose,  for  a 
strong  sneeze  is  necessary  to  dislodge  them. 

These  statements  sound  uncomfortable;  but  by  disclosing  our 
enemy  they  enable  us  to  fight  him.  When  he  clearly  eyes  his  quarry 
the  eagle's  strength  is  doubled,  and  his  swoop  is  rendered  sure.  If 
the  germ  theory  be  proved  true,  it  will  give  a  definiteness  to  our 
efforts  to  stamp  out  disease  which  they  could  not  previously  possess. 
And  it  is  only  by  definite  efibrt  under  its  guidance  that  its  truth  or 
falsehood  can  be  established.  It  is  difficult  for  an  outsider  like 
myself  to  read  without  sympathetic  emotion  such  papers  as  those  of 
Dr.  Budd,  of  Bristol,  on  Cholera,  Scarlet-fever,  and  Small-pox.  He 
is  a  man  of  strong  imagination,  and  may  occasionally  take  a  flight 
beyond  his  facts ;  but  without  this  dynamic  heat  of  heart  the  stolid 
inertia  of  the  freo-bom  Briton  cannot  be  overcome.  And  as  long  as 
the  heat  is  employed  to  warm  up  the  truth  without  singeing  it  over 
much ;  as  long  as  this  enthusiasm  can  overmatch  its  mistakes  by 
unequivocal  examples  of  success,  so  long  am  I  disposed  to  give  it 
a  fair  field  to  work  in,  and  to  wish  it  God  speed. 

But  let  us  return  to  our  dust.  It  is  needless  to  remark  that  it 
cannot  be  blown  away  by  an  ordinary  bellows;  or,  more  correctly, 
the  place  of  the  particles  blown  away  is  in  this  case  supplied  by 
others  ejected  from  the  bellows,  so  that  the  track  of  the  beam  re- 
mains unimpaired.  But  if  the  nozzle  of  a  good  bellows  be  filled  with 
cotton  wool  not  too  tightly  packed,  the  air  urged  through  the  wool  is 
filtered  of  its  floating  matter,  and  it  then  forms  a  clean  band  of  dark- 
ness in  the  illuminated  dust.     This  was  the  filter  used  by  Sohroeder 
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in  his  experiments  on  spontaneons  generation,  and  turned  subsequently 
to  aocount  in  the  excellent  researches  of  Pasteur.  Since  1868  I  have 
oonstantly  employed  it  myself. 

But  by  far  the  most  interesting  and  important  illustration  of  this 
filtering  process  is  furnished  by  the  human  breath.  I  fill  my  lungs 
with  ordinary  air  and  breathe  through  a  glass  tube  across  the  elec- 
tric beam.  The  condensation  of  the  aqueous  vapour  of  the  breath 
is  shown  by  the  formation  of  a  luminous  white  cloud  of  delicate 
texture.  It  is  necessary  to  abolish  this  cloud,  and  this  may  be  done 
by  drying  the  breath  previous  to  its  entering  into  the  beam ;  or,  still 
more  simply,  by  warming  the  glass  tube.  When  this  is  done  the 
luminous  track  of  the  beam  is  for  a  time  uninterrupted.  The  breath 
impresses  upon  the  floating  matter  a  transverse  motion,  the  dust  from 
the  lungs  making  good  the  particles  displaced.  But  after  some  time 
an  obscure  disc  appears  upon  the  beam,  the  darkness  of  which  increases, 
until  finally,  towards  the  end  of  the  expiration,  the  beam  is,  as  it 
were,  pierced  by  an  intensely  black  hole,  in  which  no  particles  what- 
ever can  be  discerned.  The  air,  in  fact,  has  so  lodged  its  dirt  within 
the  passage  to  the  lungs  as  to  render  the  last  portions  of  the  expired 
breath  absolutely  free  from  suspended  matter.  This  experiment  may 
be  repeated  any  number  of  times  with  the  same  result.  It  renders 
the  distribution  of  the  dirt  within  the  air-passages  as  manifest  as  if 
the  chest  were  transparent. 

I  now  empty  my  lungs  as  perfectly  as  possible,  and  placing  a 
handful  of  cotton  wool  against  my  mouth  and  nostrils,  inhale  through 
it  There  is  no  difficulty  in  thus  filling  the  lungs  with  air.  On  ex- 
piring this  air  through  the  glass  tube,  its  freedom  from  floating  matter 
is  at  once  manifest.  From  the  very  beginning  of  the  act  of  expiration 
the  beam  is  pierced  by  a  black  aperture.  The  first  puff  from  the 
lungs  abolishes  the  illuminated  dust  and  puts  a  patch  of  darkness  in  its 
place  ;  and  the  darkness  continues  throughout  the  entire  course  of  the 
expiration.  When  the  tube  is  placed  below  the  beam  and  moved  to 
atid  fn>,  the  same  smoke-like  appearance  as  that  obtained  with  a  flame 
is  observed.  In  short,  the  cotton  wool,  when  UFed  in  sufficient 
quantity,  completely  intercepts  the  floating  matter  on  its  way  to  the 
lung?<. 

The  application  of  these  experiments  is  obvious.  If  a  physician 
wishes  to  hold  back  from  the  lungs  of  his  patient,  or  from  his  own,  the 
germs  by  which  contagious  disease  is  said  to  be  propagated,  he  will 
employ  a  cotton  wool  respirator.  After  the  revelations  of  this  evening 
such  respirators  must,  I  tliink,  come  into  general  use  as  a  defence  against 
contagion.  In  the  crowded  dwellings  of  the  London  poor,  where  the 
isolation  of  the  sick  is  difficult,  if  not  impossible,  the  noxious  air 
around  the  patient  may,  by  this  simple  means,  be  restored  to  practical 
purity.  Thus  filtered,  attendants  may  breathe  the  air  unharmed.  In 
all  probability  the  protection  of  the  lungs  wiU  be  the  protection  of  the 
entire  system.  For  it  is  exceedingly  probable  that  the  germs  which 
]odgb  in  the  air-passages,  and  which,  at  their  leisure,  can  work  their 
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way  aoroBs  the  mncons  membrane,  are  those  which  sow  in  the  body 
epidemic  disease.  If  this  be  so,  then  disease  can  certainly  be  warded 
off  by  filters  of  cotton  wool.  I  should  be  most  willing  to  test  their 
efficacy  in  my  own  person.  And  time  will  decide  whether  in  lung 
diseases  also  the  woollen  respirator  cannot  abate  irritation,  if  not  arrest 
decay.  M.  Pasteur,  for  whose  work  in  connection  with  this  subject  I 
entertain  a  very  high  admiration,  has  shown  that  the  germs  diminish 
as  we  ascend  a  mountain.  By  means  of  a  cotton-wool  respirator,  so  far 
as  the  germs  are  concerned,  the  air  of  the  highest  Alps  may  be  brought 
into  the  chamber  of  the  invalid.  Fifty  different  occupations  might  be 
named  in  which  irritation  of  the  lungs  and  injured  health  arise  from 
the  inhalation  of  dust.  A  properly  constructed  air-filter  of  cotton 
wool  would  entirely  abolish  the  evil.  Such  a  filter,  properly  con- 
structed, would  also  be  found  effectual  in  warming  the  air.  Provision 
ought  to  be  made  for  the  frequent  removal  of  the  cotton,  the  cost  of 
which  is  practically  nil. 

The  question  of  "  Spontaneous  generation "  is  intimately  con- 
nected with  our  present  subject.  On  this  point  a  kind  of  polar 
antagonism  has  long  existed  between  different  classes  of  investiga- 
tors. Van  Helmont  gave  a  receipt  for  the  manufacture  of  mice,  and  it 
was  for  ages  firmly  believed  that  the  maggots  in  putrefying  flesh 
were  spontaneously  produced.  Eedi,  a  member  of  the  famous 
Academy  del  Cimento,  destroyed  this  notion  by  proving  that  it  was 
only  necessary  to  protect  the  meat  by  a  covering  of  gauze  to  prevent 
the  reputed  generation.  In  1745  two  very  able  men,  Needham  and 
Spallanzani,  took  opposite  sides  in  the  discussion,  the  former  afBrming 
and  the  latter  denying  the  fact  of  spontaneous  generation.  At  the 
beginning  of  our  own  century,  we  find  on  the  affirmative  side  Lamarck, 
Oken,  and  J.  Miiller ;  and  on  the  negative  Schwann,  Schultze,  and 
Ehrenberg.  The  chief  representatives  of  the  two  opposing  parties  in 
our  day  are  Pouchet  and  Pasteur. 

The  method  of  inquiry  pursued  in  this  discourse  will,  I  think, 
help  to  clear  the  field  of  discussion.  The  experimenters  do  not  seem 
to  have  been  by  any  means  fully  aware  of  the  character  of  the  atmo- 
sphere in  which  they  worked  ;  for  if  this  had  been  the  case,  some  of 
the  experiments  recorded  would  never  have  been  made.  For  example, 
to  maJce  the  destruction  of  atmospheric  germs  doubly  sure,  M. 
Pouchet,  the  distinguished  supporter  of  the  doctrine  of  spontaneous 
generation,  burnt  hydrogen  in  air  and  collected  the  water  produced  by 
the  combustion.  Even  in  this  water  he  afterwards  found  organisms. 
But  supposing  he  had  seen,  as  you  have,  the  manner  in  which  the  air 
is  clouded  with  floating  matter,  would  he  have  concluded  that  the 
deportment  of  water  which  had  been  permitted  to  trickle  through 
such  air  could  have  the  least  influence  in  deciding  this  great  question  ? 
I  think  not.  Here  is  a  quantity  of  water  produced  and  collected 
exactly  as  M.  Pouchet  produced  and  collected  his.  This  water  is 
perfectly  dear  in  the  common  light ;  but  in  the  condensed  electric 
beam  it  is  seen  to  be  laden  with  particles,  so  thick-strewn  and  minute, 
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subject.  Tlie  lower  half  is  of  wood,  its  npper  half  being  enclosed  by 
four  glazed  window-frames.  The  chamber  tapers  to  a  tnmcated  cone 
at  the  top.  It  measures  in  plan  3  ft.  by  2  ft.  6  in.,  and  its  height  is 
5  ft.  10  in.  On  the  6th  of  February  this  chamber  was  closed,  and  every 
crevice  that  could  admit  dust  or  cause  displacement  of  ihe  air  was 
carefully  pasted  over  with  paper.  The  electric  beam  at  first  revealed 
the  floating  dust  within  the  chamber  as  it  did  the  air  of  the  laboratory. 
The  chamber  was  examined  almost  daily  ;  a  perceptible  diminution  of 
the  floating  matter  being  noticed  on  each  occasion.  At  the  end  of  a 
week  the  chamber  was  optically  empty,  exhibiting  no  trace  of  matter 
competent  to  scatter  the  light.  But  where  the  beam  entered,  and 
where  it  quitted  the  chamber,  the  white  circles  stamped  upon  the 
interior  surfaces  of  the  glass  showed  what  had  become  of  the  dust.  It 
clung  to  those  surfaces,  and  from  them  instead  of  from  the  air,  the 
light  was  scattered.  If  the  electric  beam  were  sent  through  the  air  of 
the  Paris  caves,  the  cause  of  its  impotence  as  a  generator  of  life  would, 
I  venture  to  predict,  be  revealed. 

It  cannot,  I  think,  be  doubted  that  the  method  of  observation  here 
pursued  is  destined  to  furnish  useful  control  and  guidance  in  researches 
of  this  nature. 

In  a  letter  published  subsequently  in  the  '  Pall  Mall  Grazette,'  one 
of  the  peculiarities  of  the  method  pursued  in  the  foregoing  lecture  is 
pointed  out.  Eeference  is  made  to  the  blue  colour  of  the  sky,  which 
is,  or  may  be,  "  produced  by  particles  suspended  in  the  air,  and  not 
only  invisible  to  the  naked  eye,  but  irreducible  by  the  highest  powers 
of  the  microscope.  Hence,  without  seeing  the  individual  particles,  we 
may  have  indubitable  evidence  of  their  existence. 

*'  This,  indeed,  is  the  point  wherein  the  method  pursued  in  the 
lectnre  differs  from  preceding  ones,  and  is  destined  powerfully  to 
supplement  them.*  The  microscope  seeks  for  single  particles ;  but 
they  are  here  taken  en  mcLsae,  and  tiieir  existence  demonstrated  by  the 
light  which  they  scatter  after  they  have  passed  utterly  beyond  the 
range  of  the  microscope." 

Attention  was  drawn  at  the  same  time  to  the  important  report  of 
Dr.  Angus  Smith,  published  in  1869,  which  was  sent  to  Professor 
Tyndall  subsequently  to  his  lecture.  Pasteur  had  previously  counted 
the  germs  of  Paris  air,  but  the  exceedingly  ingenious  method  employed 
by  Dr.  Smith  enabled  him  to  concentrate  the  germs  of  a  very  large 
volume  of  air  in  a  small  quantity  of  water,  and  thus  to  enormously 
midtiply  their  numbers  in  relation  to  the  space  which  contained 
them : 

"  I  have  been  favoured,"  says  Mr.  Tyndall,  "  by  Dr.  Angus  Smith 
with  a  copy  of  his  fifth  annual  report,  from  which  I  glean  some  inter- 


*  It  is  competent,  for  example,  to  give  ocular  evidence  of  the  absence  of  germs 
in  still  air ;  and  thus  to  prove  the  correctness  of  Pasteur's  experiments  on  me  air 
of  the  caves  under  the  Paris  Observatory. 
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Cavier  speaks  of  the  richesse  effrayante  of  insect  life.  Sir  H.  Holland 
thinks  that  the  outbreak  of  carbuncular  boils  which  occurred  some 
years  ago  in  England,  may  haye  had  its  origin  without  the  system,  as 
a  virus  or  some  form  of  organic  life.  Ehrenberg,  whose  wonderful 
investigations  have  been  heuxL  of  everywhere,  speaks  of  the  *'  mUky 
way  of  smallest  organization."  The  electric  beam  renders  the  figure 
admirably  just.  Henle  maintained  that  the  material  of  all  contagious 
diseases  is  not  merely  organic,  but  matter  possessing  all  the  characters 
of  parasitic  life.  Eiselt  found  pus  corpuscles  in  a  foundling  hospital 
where  the  children  were  suffering  from  conjunctival  blennorrhoea,  and 
proved  conclusively  that  such  corpuscles  spread  the  epidemic  without 
contact  with  the  infected  persons.  Pouchet,  the  able  and  ardent 
advocate  of  the  doctrine  of  heterogenesis,  has  devised  an  instrument, 
called  an  aeroscope,  to  catch  the  microscopic  particles  of  the  air.  This 
instrument  was  employed  by  Eiselt  in  the  foregoing  inquiry.  Every 
Alpine  man  can  testify  to  the  correctness  of  De  Saussure's  remark 
that  a  deep  blue  heaven  portends  rain,  while  the  air  is  rendered  turbid 
by  a  succession  of  fine  days.  De  la  Bive  ascribes  this  turbidity  to 
organic  germs  which  swathe  the  earth  as  a  light  haze.  He  has  devised 
a  photometer  for  determining  the  transparency  of  such  air,  and  of 
connecting  this  with  the  other  elements  of  meteorology.  He  also 
refers  to  the  bearing  of  the  subject  on  epidemic  diseases. 

The  papers  of  Dr.  Budd,  in  relation  to  contagious  diseases,  are 
full  of  interesting  facts,  and  marked  by  rare  logical  force.  Professor 
Lister  has  brought  to  my  notice  an  observation  of  his  own,  the  sagacity 
of  which  is  so  strikingly  demonstrated  by  the  experiments  on  the 
breath  recorded  in  the  foregoing  lecture,  that  I  propose  to  give  it 
special  attention  at  a  future  time.  In  a  pamphlet  published  in  1850 
Mr.  Jefi&eys  reveals  some  exceedingly  unpleasant  facts  regarding  the 
air  of  London.  He  had  then  ventilated  a  house  with  filtered  air,  and 
examined  the  strained  matter.  I  refer  to  page  16  of  his  pamphlet  for 
a  statement  of  what  that  matter  is.  Dr.  Angus  Smith's  researches  on 
the  air  of  Manchester  have  been  already  mentioned.  Dr.  Smith  also 
experimented  on  the  air  of  cow-houses  and  stables,  and  concluded  that 
such  air  contains  more  particles  than  the  air  of  the  street.  Mr.  Crookes 
has  sought  to  entrap  the  germs  in  infected  places.  Dr.  Greenhow 
has  examined  the  lungs  of  stone-workers,  coUiers,  and  potters,  and 
found  imbedded  in  them  mill-stone  dust,  silica,  alumina,  and  iron. 
The  important  researches  of  Dr.  Stenhouse  on  the  action  of  charcoal, 
though  not  strictly  belonging  to  the  present  subject,  may  be  mentioned 
here ;  and  also  the  experiments  of  Dr.  Marcet. 

As  may  be  seen  from  the  foregoing  imperfect  summary,  the  history 
of  this  subject  is  voluminous.  I  shall  probably  return  to  it,  and  give 
it  further  expansion. 

[J.  T.] 
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William  Oduno,  M.B.  F.B.8. 

FUTJiKKUW  PBOFESeOB  OP  CHKXISTBT,  BJ. 

On  Profesior  Oraham's  Scientific  Work. 

The  simple  story  of  Mr.  Graham's  life,  though  not  without  its 
measure  of  interest,  and  certainly  not  without  its  lessons,  is  referred 
to  in  the  following  pages  only  in  illustration  of  the  grander  story  of 
his  work.  Thomas  Graham  was  bom  in  Glasgow,  on  the  21st  Dec., 
1805.  He  entered  as  a  student  at  the  University  of  Glasgow,  in  1819, 
with  a  view  to  becoming  ultimately  a  Minister  of  the  Established 
Church  of  Scotland.  At  that  time,  the  University  chair  of  Chemistry 
was  filled  by  Dr.  Thomas  Thomson,  a  man  of  very  considerable  mark, 
and  one  of  the  most  erudite  and  thoughtful  chemists  of  his  day.  The 
chair  of  Natural  Philosophy  was  also  filled  by  a  man  of  much  learning. 
Dr.  Meikleham,  who  appears  to  have  taken  a  warm  personal  interest 
in  the  progress  of  his  since  distiufi^uished  pupil.  Under  these  masters, 
Mr.  Graham  acquired  a  strong  liking  for  experimental  science,  and 
a  dislike  to  the  profession  chosen  for  him  by  his  father ;  who,  for  a 
time  at  least,  seems  to  have  exerted  the  authority  of  a  parent  some- 
what harshly,  but  quite  unavailingly,  to  e£fect  tibe  fulfilment  of  his 
own  earnest  wishes  in  the  matter. 

After  taking  his  degree  of  Master  of  Arts  at  Glasgow,  in  1826, 
Mr.  Graham  worked  for  nearly  two  years  in  the  laboratory  of  the 
University  of  Edinburgh,  under  Dr.  Hope.  He  then  returned  to 
Glasgow ;  and,  while  supporting  himself  by  teaching,  at  first  mathe- 
matics and  afterwards  chemistry,  yet  found  time  to  follow  up  the  path 
of  experimental  inquiry,  on  which  he  had  already  entered. 

His  first  original  paper  appeared  in  the  'Annals  of  Philosophy' 
for  1826,  its  author  being  at  that  time  in  his  twenty-first  year.  It  is 
interesting  to  note  that  the  subject  of  this  communication,  "  On  the 
Absorption  of  Gases  by  Liquids,"  forms  part  and  parcel  of  that  large 
subject  of  spontaneous  gas-movement  with  which  Mr.  Graham's  name 
is  now  so  inseparably  associated ;  and  that,  in  a  paper  communicated 
to  the  Boyal  Society  just  forty  years  later,  ho  speaks  of  the  lique- 
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fiability  of  gases  by  chemical  means,  in  language  almost  identical  with 
that  used  in  this  earliest  of  his  published  memoirs. 

Having,  in  the  interval,  contributed  several  other  papers  to  the 
scientific  journals,  in  the  year  1829  he  published  in  the  *  Quarterly 
Journal  of  Science ' — the  journal,  that  is  to  say,  of  the  Royal  Institu- 
tion— the  first  of  his  papers  relating  specifically  to  the  subject  of 
gas-difiiision.  It  was  entitled  "A  short  Account  of  Experimental 
Researches  on  the  Diffusion  of  Gases  through  each  other,  and  their 
Separation  by  Mechanical  Means."  In  the  same  year,  he  became 
Lecturer  on  Chemistry  at  the  Mechanics'  Institute,  Glasgow ;  and  in 
the  next  year,  1830,  achieved  the  yet  more  decisive  step  of  being 
appointed  Professor  of  Chemistry  at  the  Andersonian  University.  By 
this  appointment  he  was  relieved  from  anxiety  on  the  score  of  living ; 
and  afforded,  in  a  modest  way,  the  means  of  carrying  out  his  experi- 
mental work. 

In  1831,  he  read,  before  the  Royal  Society  of  Edinburgh,  a  paper 
"  On  the  Law  of  the  Diffusion  of  Gases,"  for  which  the  Keith  prize  of 
the  Society  was  shortly  afterwards  awarded  him.  Although  several 
of  his  earlier  papers,  and  especially  that  on  the  Diffusion  of  Gkises, 
published  in  the  *  Quarterly  Journal  of  Science,*  had  given  evidence 
of  considerable  power,  it  was  this  paper — in  which  he  established  the 
now  well-recognized  law  that  the  velocities  of  diffusion  of  different 
gases  are  inversely  as  the  square  roots  of  their  specific  gravities — 
that  constituted  the  first  of  what  may  properly  be  considered  his  great 
contributions  to  the  progress  of  chemical  science. 

In  1833,  he  conmiunicated  a  paper,  of  scarcely  less  importance, 
to  the  Royal  Society  of  London,  entitled  "  Researches  on  the  Arse- 
niates,  Phosphates,  and  Modifications  of  Phosphoric  Acid."  It  afforded 
further  evidence  of  Mr.  Graham's  quiet  steady  power  of  investi- 
gating phenomena,  and  of  his  skill jn  interpreting  results;  or  rather 
of  his  skill  in  setting  forth  the  results  in  all  their  simplicity,  un- 
distorted  by  the  gloss  of  preconceived  notions,  so  as  to  make  them 
render  up  their  own  interpretation.  It  is  difficult  now-a-days  to 
realize  the  independence  of  mind  involved  in  Mr.  Graham's  simple 
interpretation  of  the  facts,  presented  to  him  in  this  research,  by  the 
light  of  the  facts  themselves,  irrespective  of  all  traditional  modes 
of  viewing  them.  Their  investigation  let  in  a  flood  of  light  upon  the 
chemistry  of  that  day ;  and  formed  a  starting-point  from  which  many 
of  our  most  recent  advances  may  be  directly  traced.  In  this  paper, 
Mr.  Graham  established  the  existence  of  two  new,  and,  at  that  time, 
wholly  unanticipated  classes  of  bodies,  namely,  the  class  of  poly- 
basic  acids  and  salts,  and  the  class  of  so-called  anhydro-acids  and 
salts.  The  views  of  Graham  on  the  polybasicity  of  phosphoric 
acid  were  soon  afterwards  applied  by  Liebig  to  tartaric  acid,  and  by 
Gerhard  t  to  poly  basic  acids  in  general,  as  we  now  recognize  them. 
After  a  long  interval,  the  idea  of  polybasicity  was  next  extended  to 
radicals  and  to  metals  by  Williamson  and  myself  successively ;  after- 
wards to  alcohols  by  Wurtz,  and  to  ammonias  by  Hofmann.      The 
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on  the  ArsGniates,  Phospbates,  and  Modifications  of  Phosphoric  Acid," 
to  the  Boyal  Society.* 

In  the  course  of  these  researches  he  established  the  existenoe  of  a 
class  of  soluble  sub-phosphates  analogous  to  the  yellow  insoluble 
phosphate  of  silver ;  and  he  showed,  with  great  clearness,  that  in  the 
three  classes  of  phosphates,  namely,  the  sub-phosphates,  the  common 
phosphates,  and  the  bi-phoephates,  the  ratio  borne  to  the  oxygen  of  the 
acid  by  the  other  oxygen  of  the  salt  is  the  same,  namely,  as  3  to  5 ; 
only  that,  in  the  three  classes  of  salts,  the  non-acid  oxygen  is  divided 
between  different  proportions  of  metallic  base  and  water,  thus : 

Snb-phoephate  of  Boda         SNaO.POs. 

Common  phosphate  of  Boda  H0.2NaO.FOA. 

Bi-phosphate  of  Boda 2HO.NaO.PO4. 

He  further  pointed  out  that,  to  these  three  series  of  salts,  there 
corresponded  a  definite  phosphate  of  water,  or, 

Hydrated  phosphoric  acid       3H0.P0«. 

Compounds  of  one  and  the  same  anhydrous  acid  with  one  and  the 
same  anhydrous  base,  in  different  proportions,  had  long  been  known ; 
but  it  was  thus  that  Mr.  Graham  first  establidied  the  notion  of  poly- 
basic  compounds, — the  notion  of  a  class  of  hydrated  acids  having 
more  than  one  proportion  of  water  replaceable  by  metallic  oxide, 
and  that  successively,  so  as  to  furnish  more  and  more  basic  salts,  all 
preserving,  as  we  should  now  say,  the  same  tjrpe. 

Mr.  Graham  further  showed  that  Dr.  Clark's  pyrophosphate  of 
soda,  like  the  common  phosphate,  yielded  an  acid-salt  or  bi-phos- 
phate; and  that  these  two  compounds  were  related  to  a  hy&ated 
phosphoric  acid,  differing  in  composition  and  properties  from  the 
above-mentioned  hydrate,  and  yielding,  after  neutralization  with  alkali, 
a  white  instead  of  a  yellow  precipitate  with  nitrate  of  silver.  This 
series  of  compounds  he  expressed  by  the  following  formuUa : 

Clark's  pyrophosphate  of  soda       . .     . .  2  Na  O .  P  0«. 

Acid  or  bi-pyrophosphate  of  soda  . .     . .     HO.NaO.PO5. 
Hydrated  pyrophosphoric  acid      . .      . .  2  H  0 .  P  O5. 

Lastly,  Mr.  Graham  showed  that  when  the  bi-phosphate  or  bi- 
pyrophosphate  of  soda  was  ignited,  there  was  left  a  new  variety  of 
phosphate,  which  he  called  the  metaphosphate,  having  the  same  pro- 
portions of  soda  and  anhydrous  phosphoric  acid  as  the  original  com- 
pound, but  differing  from  it  in  sevend  properties,  more  particularly 
in  its  inability  to  furnish  any  acid  salt.  From  this  new  phosphate 
ho  obtained  the  corresponding  hydrated  acid,  and  found  it  to  be  iden- 
tical with  that  variety  of  phosphoric  acid  then,  and  still,  known  as 
glacial  phosphoric  acid ;  which  had  previously  been  noticed  to  possess 

♦  *  Phil.  Trans.,'  1838,  p.  253. 
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and  existing  bnt  in  very  minnte  proportion.*  He  f artber  showed  that 
the  yapoor  of  some  acid  of  nitrogen,  apparently  ^nitrons  acid,  is 
capable  of  rendering  phosphnretted  hydrogen  spontaneously  inflam- 
mable when  present  to  the  extent  of  one  tenrthausandth  part  of  the 
volmne  of  the  gas."  In  connection  with  this  research,  may  be  men- 
tioned Mr.  Graham's  earlier  experiments  on  the  influence  of  minute 
impurities  in  modifying  the  chemical  behaviour  of  difiEerent  substances. 
In  some  '*  Observations  on  the  Oxidation  of  Phosphorus,"  published  in 
the  'Quarterly  Journal  of  Science,' f  for  1829,  he  showed  that  the 
presence  of  ^^  of  defiant  gas,  and  even  7^Vv>  ^7  volume,  of  turpen^ 
tine  vapour,  in  air  under  ordinary  pressure,  rendered  it  incapable  of 
effecting  the  slow  oxidation  of  phosphorus.  He  also  observed  and 
recorded  ilie  influence  upon  the  oxidation  of  phosphorus  of  various 
additions  of  gas  and  vapour  to  air,  under  different  circumstances  of 
pressure  and  temperature. 

IL 

Hydraium  of  Compounds. — ^In  the  earliest  of  Mr.  Graham's  pub- 
lished memoirs,  that  *'  On  the  Absorption  of  Qbsgb  by  Liquids,"  |  he 
contended  that  the  dissolution  of  gases  in  water,  at  any  rate  of  the 
more  soluble  gases,  is  a  chemical  phenomenon,  depending  on  their 
essential  property  of  liquefiability  being  brought  into  play  by  their 
reaction  with  the  solvent,  that  is  to  say  by  their  hydration.  The 
results  of  some  further  work  on  the  same  subject  he  published  under 
the  title  of  "  Experiments  on  the  Absorption  of  Vapours  by  Liquids."  § 

In  1827,  he  gave  to  the  Boyal  Society  of  Edinburgh  '*  An  Account 
of  the  Formation  of  Alcoholates,  definite  Compounds  of  Salts  and  Alco- 
hol analogous  to  the  Hydrates."  ||  In  this  paper,  after  a  description  of 
some  experiments  on  the  desiccation  of  alcohol,  he  showed  that  anhy- 
drous chloride  of  calcium,  nitrate  of  lime,  nitrate  of  magnesia,  chloride 
of  zinc,  and  chloride  of  manganese  have  the  property  of  uniting  with 
alcohol,  as  with  water,  to  form  definite  compounds.  The  crystalline 
compound  with  chloride  of  zinc,  for  instance,  containing  15  per  cent, 
of  alcohol,  he  represented  by  the  formula  ZnCl.  2  C^HgO  ;  correspond- 
ing to  the  modem  formula  ZnCl«.  2CsHeO. 

In  1835,  Mr.  Graham  communicated  a  paper,  also  to  the  Royal 
Society  of  Edinburgh,  "  On  Water  as  a  Constituent  of  Salts."ir  In 
this  paper  he  showed  more  particularly  that  the  so-called  magnesian 
sulphates,  crystallizing  usually  with  7,  6,  or  5  proportions  of  water, 
gave  up  all  but  the  last  proportion  of  water  at  a  moderate  heat,  but 
retained  this  last  proportion  with  great  tenacity.  The  comparatively 
stable  mono-hydwited  salts, — monohydrated  sulphate  of  zinc,  for 

*  It  was  afterwards  isolated  by  P.  Thenard. 
t  'Quart  Joum.  Bci./  ii.,  1829.  p.  83. 
X  Thomson,  *  Ann.  Phil.,'  xiL.  1826,  p.  69. 
§  *  Edin.  Joum.  Sci/  viu.,  1828.  p.  326. 
H  *Edin.  Roy.  Soc  Trans.,'  xi.,  1837,  p.  175. 
%  Ibid.,  xiii.,  1836,  p.  297. 
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howeyer,  presenting  some  anomalies,  as  was  indeed  to  be  expected. 
The  transpiration  times  of  the  fatty  ethers  are  giTen  below  in  illnstra^ 
tion.  Similar  results  were  obtained  with  the  series  of  fatty  acids  and 
their  corresponding  alcohols. 


Ethers 


Water  ..     ..  H,  O 

IFomiio  . .     . .  Hf  OjOj 

Aoetio  H8O4O, 

Butyrio  HuC^O^ 


Yalerio      ..     ..     B^^S^O^ 


In  this  paper,  Mr.  Graham  also  recorded  the  results  of  two  very 
full  series  of  determinations  of  the  transpiration  rates  of  water  at 
different  temperatures  between  0^  and  70^ ;  and  of  two  similar  series 
of  experiments  made  with  alcohoL  The  tnmspiration  velocity  of  water 
was  found  to  increase  uniformly  from  0  -  559  at  0^  to  1  *  000  at  20%  and 
thence  to  2  *  350  at  IQP ;  and  correlatively  the  transpiration  times  were 
found  to  decrease  in  the  same  proportion.  The  results  obtained  with 
alcohol  were  precisely  similar. 

IV. 

Diffusion  of  Liquids. — ^Mr.  Graham's  early  study  of  the  spontaneous 
movements  of  gases,  so  as  to  mix  with  one  another,  naturally  led  him 
to  investigate  the  similarly  occurring  movements  of  liquids.  His 
results  formed  the  subject  of  two  papers  communicated  to  the  Boyal 
Society,  one  in  1849  '^  On  the  Difmsion  of  Liquids,"*  and  the  other  in 
1861  ''On Liquid  Diffusion  applied  to  Analysis."!  In  the  series  of 
experiments,  described  in  the  first  of  these  papers  and  in  two  supple- 
mentary communications,  an  open  wide-mouthed  vial,  filled  witii  a 
solution  of  some  salt  or  other  substance,  was  placed  in  a  jar  of  water ; 
when,  in  course  of  time,  a  portion  of  the  dissolved  salt,  described  as 
the  diffnsate,  passed  graduiJly  from  the  vial  into  the  external  water. 
By  experimenting  in  this  manner,  the  amounts  of  diffusate  yielded 
by  different  substances  were  found  to  vary  greatly.  Thus,  under 
precisely  the  same  conditions,  common  salt  yielded  twice  as  large  a 
diffusate  as  Epsom  salt,  and  this  latter  twice  as  large  a  diffusate  as  gum- 
arabic.  Every  substance  examined  was  in  this  way  found  to  have  its 
own  rate  of  diffusibility  in  the  same  liquid  medium — the  rate  varying 
with  the  nature  of  the  medium — ^whether  water  or  alcohol,  for  instance. 
It  is  noticeable  that  the  method  of  vial-diffusion  resorted  to  in  these 
experiments,  is  exactly  similar  to  that  employed  by  Mr.  Graham  in 

♦  *  Phil.  Trans./  1850,  pp.  1,  805 ;  1851,  p.  483. 
t  Ibid.,  1861,  p.  183. 
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might  be  thought  to  indicate.  Evontnally  he  was  led  to  the  con- 
clusion that  osmose  was  essentially  dependent  on  a  chemical  action 
taking  place  between  one  or  other  of  the  separated  liquids  and  the 
material  of  the  septum.  Ho  appears  to  have  held  somewhat  different 
views  of  the  nature  of  this  chemical  action  at  different  times ;  and 
not  to  have  considered  it  as  being  in  all  cases  of  the  same  character. 

The  following  extracts,  expressing  his  latest  views  on  the  subject, 
ore  taken  from  the  conclusion  of  his  paper,  *'  On  Liquid  Diffusion 
applied  to  Analysis.*' 

"  It  now  appears  to  me  that  the  water  movement  in  osmose  is  an 
afflEur  of  hydration  and  of  de-hydration  in  the  substance  of  the  mem- 
brane, or  other  colloid  septum,  and  that  the  diffusion  of  the  saline  solu- 
tion placed  within  the  osmometer  has  little  or  nothing  to  do  with  the 
osmotic  result  otherwise  than  as  it  affects  the  state  of  hydration  of  the 
septum. Placed  in  pure  water,  such  colloids  (as  animal  mem- 
brane) are  hydrated  to  a  higher  degree  than  they  are  in  neutral  saline 
solutions.  Hence  the  equilibrium  of  hydration  is  different  on  the  two 
sides  of  the  membrane  of  an  osmometer.  The  outer  surfisice  of  the 
membrane  being  in  contact  with  pure  water,  tends  to  hydrate  itself  in 
a  higher  degree  than  the  inner  surfiEu^e  does,  the  latter  surface  being 
supposed  to  be  in  contact  with  a  saline  solution.  When  the  full  hydra- 
tion of  the  outer  surface  extends  through  the  thickness  of  the  mem- 
brane, and  reaches  the  inner  surface,  it  there  receives  a  check.  The 
degree  of  hydration  is  lowered,  and  water  must  be  given  up  by  the 

inner  layer  of  the  membrane,  and  it  forms  the  osmose Far 

from  promoting  this  separation  of  water,  the  diffusion  of  the  salt 
throu^out  the  substance  of  the  membrane  appears  to  impede  osmose 
by  equalizing  the  condition  as  to  saline  matter  of  the  membrane 
through  its  whole  thickness.  The  advantage  which  colloidal  solu- 
tions have  in  inducing  osmose,  appears  to  depend  in  part  upon  the  low 
diffosibility  of  such  solutions,  and  their  want  of  power  to  penetrate 
the  colloidal  septum." 

VI. 

Mocements  of  Oases  under  Pressure.  Effusion  and  Transpiration. — 
The  mechanical  law  of  the  passage  of  different  gases  under  the  same 
pressure  through  a  mere  perforation,  as  of  the  passage  of  different 
liquids,  being  that  the  velocities  are  inversely  as  the  square  roots  of 
the  specific  gravities,  Mr.  Graham  subjected  this  law  to  on  experimental 
verification,  and  made  known  his  results  in  a  paper  communicated  to  the 
Boyal  Society  in  1846.  The  mode  of  experimenting  was  as  follows : — A 
jar  standing  on  the  plate  of  an  air-pump  was  kept  vacuous  by  continued 
exhaustion,  and  a  measured  quantity  of  gas  allowed  to  find  its  way  into 
the  jar  through  a  minute  aperture  in  a  thin  metallic  plate.  The  admis- 
sion of  60  cubic  inches  of  dry  air  into  the  vacuous,  or  nearly  vacuous 
jar,  being  arranged  to  take  place  in  about  1000  seconds,  the  times  of 
passage  of  the  same  volume  of  air  were  found  not  to  vary  from  each 
other  by  more  than  two  or  three  seconds  in  successive  experiments. 
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Operating  with  different  gases,  the  relative  times  of  passage,  or  of 
"  efifosion,*'  as  it  was  denominated  by  Mr.  Graham,  proved  to  be  ap- 
proximatively  identical  with  the  square  roots  of  the  specific  gravities 
of  the  several  gases;  or,  in  other  words,  their  velocities  of  effdsion 
were  shown  experimentally  to  be  inversely  as  the  square  roots  of 
their  specific  gravities.  The  rate  of  cfiPiision  of  a  mixed  gas  corre- 
sponded in  most  cases  with  the  calculated  mean  rate  of  its  constituents ; 
but  the  rates  of  efifiision  of  the  light  gases,  marsh  gas  and  hydrogen, 
were  very  disproportionately  rotiu*ded  by  the  admixture  with  them, 
even  to  a  small  extent,  of  the  heavier  gases,  oxygen  and  nitrogen. 

Passing  from  the  study  of  the  effdsion  of  gases  through  a  perforated 
plate,  Mr.  Graham  next  submitted  their  '*  transpiration  "  through  a 
capillary  tube  to  a  similarly  conducted  experimental  inquiry.  His 
results  were  communicated  to  the  Boyal  Society  in  two  very  elaborate 
papers,  '*  On  the  Motion  of  Gases,"  Parts  I.  and  II.,*  the  first  part  con- 
taining also  his  above-described  results  on  the  e£Eusion  of  gases.  Wifii 
a  very  short  capillary,  the  relative  rates  of  passage  of  different  gases 
were  found  to  approximate  to  their  relative  rates  of  effusion ;  but  with 
every  elongation  of  the  capillary,  a  constantly-increasing  deviation  from 
these  rates  was  observed — the  increase  of  the  deviation,  however, 
becoming  less  and  less  considerable  with  each  successive  increment 
of  elongation,  until,  when  the  tube  had  acquired  a  certain  length  in 
proportion  to  its  diameter,  a  maximum  deviation  of  the  relative  rates 
of  passage  of  the  different  gases  from  their  relative  rates  of  effusion 
was  arrived  at.  These  ultimate  rates  of  passage,  unaffected  in  relation 
to  each  other  by  farther  elongation  of  the  capillary,  constitute  the 
true  transpiration  velocities  of  the  different  gases,  as  distinguished 
from  their  velocities  of  effusion.  Of  all  the  gases  experimented  on, 
oxygen  was  found  to  have  the  longest  transpiration  time,  or  slowest 
transpiration  velocity.   In  the  following  Table  its  time  of  transpiration 


Hydrogen  .. 
Marsh  gas 
Nitrogen   .. 
Oxygen     .. 
Carbonic  gas 


Specific 
Gravity. 


a/  Specific 
^      Gravity. 


•069 

•559 

•971 

1*105 

1-529 


•263 

•747 

•985 

1051 

1-236 


TraDspiration 
Time. 


•437 
•551 

•877 

1-000 

•730 


is  taken  as  unity,  and  the  times  of  a  few  other  gases  compared  there- 
with. In  other  columns  are  given  the  specific  gravities  of  the  same 
gases,  referred  to  the  specific  gravity  of  air  as  unity ;  and  the  square 
roots  of  their  specific  gravities,  which  also  express  ^eir  relative  times 
of  effusion. 


♦  *  Phil.  Tians.,'  1846,  p.  578;  1849,  p.  349. 
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Speaking  of  the  importance  and  fundamental  nature  of  the  physical 
properties  manifested  by  bodies  in  the  gaseous  state,  and  of  the  extent 
of  his  own  inquiries  on  gas-transpiration,  Mr.  Graham  observed, — ^^  It 
was  under  this  impression  that  I  devoted  an  amount  of  time  and  at- 
tention to  that  class  of  constants  (transpiration-velocities)  which  might 
otherwise  appear  disproportionate  to  their  value  and  the  importance 
of  the  subject.  As  ike  results,  too,  were  entirely  novel,  and  wholly 
unprovided  for  in  the  received  view  of  the  gaseous  constitution,  of 
which  indeed  they  prove  the  incompleteness,  it  was  the  more  necessary 
to  verify  each  fact  with  the  greatest  care." 

vn. 

Diffusion  of  Oases, — In  1801,  Dalton,  in  an  essay  "  On  the  Consti- 
tution of  mixed  Grases,  and  particularly  of  the  Atmosphere,"  propounded 
the  now  celebrated  view  that  *'  where  two  elastic  fluids  denoted  by 
A  and  B  are  mixed  together,  there  is  no  mutual  repulsion  amongst 
their  particles ;  that  is,  the  particles  of  A  do  not  repel  those  of  B,  as 
they  do  one  another  ;  consequently  the  pressure  or  whole  weight  upon 
any  one  particle  arises  solely  from  those  of  its  own  kind."  During 
the  act  of  admixture,  "  the  particles  of  A  meeting  with  no  repulsion 
from  those  of  B  .  .  .  .  woidd  instantaneously  recede  from  each  other 
as  far  as  possible  under  the  circumstances,  and  consequently  arrange 
themselves  just  as  in  a  void  space."  At  the  beginning  of  1803,  in  a 
supplementary  paper  *^  On  the  tendency  of  Elastic  Fluids  to  Diffusion 
through  each  oilier,"  he  made  known  the  remarkable  action  of  inter- 
mixture which  takes  place,  even  in  opposition  to  the  influence  of  gravity, 
when  any  two  gases  are  allowed  to  communicate  with  each  other. 
Thus,  in  a  particular  experiment,  he  showed  that  when  a  vial  of 
hydrogen  is  connected  with  a  vial  of  carbonic  gas  by  means  of  a 
narrow  piece  of  tubing,  so  that  the  vial  of  light  hydrogen  may  be 
inverted  over  the  other  vial  of  heavy  carbonic  gas,  the  heavy  carbonic 
gas  actually  ascends  through  the  light  hydrogen,  and  the  light  hydro- 
gen descends  through  the  heavy  carbonic  gas  until  the  uniform  admix- 
ture of  the  two  gases  with  each  other  is  effected.  The  subject  was 
afterwards  investigated  by  Berthelot,  who,  in  a  series  of  experiments 
performed  with  great  care,  while  opposing  Dalton's  theoretical  conclu- 
sions, corroborated  his  results ;  and  indicated  further  the  high  diffu- 
siveness of  hydrogen.  Here  it  was  that  Mr.  Graham  took  up  the 
inquiry.  The  first  of  his  papers  relating  directly  to  the  subject  of 
gas-diffusion  appeared  in  the  *  Quarterly  Journal  of  Science '  for  1829, 
under  the  title,  "A  short  Account  of  Experimental  Besearches  on 
the  Diffusion  of  Gases  through  each  other,  and  their  Separation  by 
Mechanical  Means."*  The  mode  of  proceeding  adopted  in  these  re- 
searches was  as  follows  : — Each  gas  experimented  on  was  allowed  to 
diffiase  from  a  horizontally  placed  bottle  through  a  narrow  tube, 


*  *  Quart.  Joom.  Sci.,*  ii.,  1829,  p.  83. 
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tinning  to  enter  and  leave  the  vessel  in  eqnal  number,  although 
nothing  of  the  kind  is  indicated  by  change  of  volmne  or  otherwise. 
If  the  gases  in  communication  be  different,  but  possess  sensibly  the 
same  specific  gravity  and  molecular  velocity,  as  nitrogen  and  carbonic 
oxide  do,  an  interchange  of  molecules  also  takes  place  without  any 
change  in  volume.  With  gases  opposed  of  unequal  density  and 
molecular  velocity,  the  permeation  ceases  of  course  to  be  equal  in 
both  directions." 

One  set  of  novel  experiments  recorded  in  the  later  paper,  from 
which  the  above  remarks  are  extracted,  had  reference  to  the  diffu- 
sion of  single  gases  through  porous  septa,  into  a  vacuous  or  partially 
vacuous  space.  The  diffusion-tube  was  substantially  the  same  as  that 
formerly  employed,  except  in  the  circumstance  of  its  being  closed 
by  a  plate  of  compressed  graphite  instead  of  by  stucco,  and  in  the 
farther  circumstance  of  the  tube  itself  being  in  some  cases  so  fur 
lengthened  and  otherwise  modified  as  to  admit  of  the  production 
within  it  of  a  barometric  vacuum  of  comparatively  large  dimensions. 
The  mode  of  experimenting  was  as  follows: — The  short  tubes,  when 
employed,  were  filled  with  mercury,  and  inverted  in  a  mercurial 
trough.  Then,  by  means  of  a  very  simple  arrangement,  the  gas  under 
examination  was  allowed  to  sweep  over  the  surface  of,  and  diffuse 
through,  the  graphite  plate,  so  as  to  depress  the  mercury  within 
the  tube  until  it  stood  at  a  height  of  100  millimetres  only, — that 
is,  until  the  external  pressure  exceeded  the  internal  pressure  by  100 
millimetres  only.  Matters  being  in  this  state,  the  experiment  con- 
sisted in  observing  the  number  of  seconds  required  for  the  admission 
through  the  graphite  septum,  into  the  graduated  tube,  of  a  given  volume 
of  gas — the  mercury  in  the  tube  being  kept  throughout  at  the  constant 
height  of  100  millimetres,  by  a  gradual  lifting  up  of  the  tube,  effected 
by  a  mechanical  arrangement  originally  devised  and  employed  by 
Professor  Bunsen.  The  long  tubes  were  filled  with  mercury  in  a 
different  manner ;  but  the  conduct  of  the  experiments  made  witii  them 
differed  only  from  that  of  the  experiments  made  with  the  short  tubes, 
in  that  the  level  of  mercury  in  the  long  tubes  was  maintained  through- 
out at  or  near  to  the  barometric  height,  so  that  the  external  gas  dif- 
fused into  the  tube  under  full  atmospheric  pressure.     Experimenting 
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in  this  way,  the  relative  times  of  permeation  of  equal  volumes  of 
different  gases  were  found  to  be  almost  identical  with  the  square  roots 
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,of  the  specific  gravities  of  the  respective  gases,  as  shown  in  the 
preceding  Table. 

These  results  are  of  great  value  from  the  simplicity  and  constancy 
of  the  conditions  under  which  they  were  obtained,  and  from  their 
close  accordance  with  the  induced  law.  By  allowing  the  diflfusion 
to  take  place  into  a  complete  or  partial  vacuum,  instead  of  into  an 
atmosphere  of  other  gas,  Uie  results  were  not  complicated  with  those  of 
interdifiusion ;  and  by  employing  a  thin  plate  of  highly-compressed 
graphite,  instead  of  a  comparatively  thick  plug  of  more  porous  stucco, 
tiie  results  were  not  complicated  with  those  of  transpiration,  as  hap- 
pened in  some  otherwise  admirable  experiments  of  Professor  Bunsen, 
which  led  that  distinguished  investigator  to  question  at  one  time  the 
accuracy  of  Mr.  Graham's  law. 

The  absence  of  any  transpiration  of  gas  through  the  graphite 
wafer  was  made  evident  by  the  want  of  any  approximation,  in  the 
rates  of  passage,  to  the  characteristic  rates  of  transpiration ;  and  was 
consequent  on  the  impermeability  of  the  exceedingly  minute  pores 
of  the  graphite  to  any  enforced  bodily  transmission  of  gas  through 
them.  It  may  be  as  well  to  state  this  conclusion  in  Mr.  Graham's 
own  words : — 

'^The  movement  of  gases  through  the  graphite  plate  appears  to 
be  solely  due  to  their  own  proper  molecular  motion,  quite  unaided  by 
transpiration.  It  seems  to  be  the  simplest  possible  exhibition  of  the 
molecular  or  diffusive  movement  of  gases.  This  pure  result  is  to  be 
ascribed  to  the  wonderfully  fine  (minute)  porosity  of  the  graphite. 
The  interstitial  spaces  appear  to  be  sufficiently  small  to  extinguish 
capillary  transpiration  entirely.  The  graphite  plate  is  a  pneumatio 
sieve  which  stops  all  gaseous  matter  in  mass,  and  permits  molecules 
only  to  pass." 

By  similarly  conducted  experiments,  a  determination  was  also 
made  of  the  difference  of  rate,  if  any,  at  which  hydrogen  diffuses 
through  a  graphite  plate  into  a  vacuum  and  into  atmospheric  air. 
Thus,  in  one  minute  of  time,  the  following  quantities  of  hydrogen  passed 
through  the  graphite  plate,  in  the  two  cases  respectively : — 

1  *  289  cubic  centimetre  into  a  vacuum. 
1  *  243  cubic  centimetre  into  air. 

These  numbers  indicate  a  close  approach  to  equality  in  the  velo- 
cities of  passage  into  a  vacuum  and  into  a  space  of  other  gas, — a  yet 
doser  equality  being  probably  attainable  by  a  modified  form  of  experi- 
menting. 

The  diffusion  of  hydrogen  into  air,  as  in  the  above-referred-to 
experiment,  is  of  course  accompanied  by  a  diffusion  of  air  into 
hydrogen,  which  had  to  be  allowed  for  in  calculating  out  the  abovo 
remit.  Moroover,  Mr.  Graham  made  a  special  repetition  of  his 
early  experiments  on  intordiffnsion,  operating  with  dry  instead  of 
moist  gas,  substituting  mercury  for  water  in  the  diffusion-tube,  main- 
taining a  constant  pressure  by  Bunsen's  mechanism  instead  of  by 
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occupied  by  the  atom,  somewhat  as  the  orbit  of  a  planet  widens  wiih 
the  degree  of  projectile  velocity.  Matter  is  thus  made  to  differ  only 
in  being  lighter  or  denser  matter.  The  specific  motion  of  an  atom 
being  inalienable,  light  matter  is  no  longer  convertible  into  heavy 
matter.  In  short,  matter  of  different  density  forms  different  sub- 
stances—different inconvertible  elements,  as  they  have  been  considered. 

"But  further,  these  more  and  less  mobile,  or  light  and  heavy 
forms  of  matter,  have  a  singular  relation  connected  with  equality  of 
volume.  Equal  volumes  of  two  of  them  can  coalesce  together,  unite 
their  movement,  and  form  a  new  atomic  group,  retaining  the  whole, 
the  half,  or  some  simple  proportion  of  the  original  movement  and 
consequent  volume.  This  is  chemical  combination.  It  is  directly  an 
affair  of  volume,  and  only  indirectly  connected  with  weight.  Combin- 
ing weights  are  different,  because  the  densities,  atomic  and  molecular, 
are  different.  The  volume  of  combination  is  uniform,  but  the  fluids 
measured  vary  in  density.  This  fixed  combining  measure — the  metron 
of  simple  substances — weighs  1  for  hydrogen,  16  for  oxygen,  and  so  on 
with  the  other  *  elements.* 

"  To  the  preceding  statements  respecting  atomic  and  molecular 
mobility,  it  remains  to  be  added  that  the  hypothesis  admits  of  another 
expression.  As  in  the  theory  of  light  we  have  the  alternative  hypo- 
theses of  emission  and  undulation,  so  in  molecular  mobility  the  motion 
may  be  assumed  to  reside  either  in  separate  atoms  and  molecules,  or 
in  a  fluid  medium  caused  to  undulate.  A  special  rate  of  vibration  or 
pulsation  originally  imparted  to  a  portion  of  the  fluid  medium  enlivens 
that  portion  of  matter  with  an  individual  existence,  and  constitutes  it 
a  distinct  substance  or  element. 

"Lastly,  molecular  or  diffusive  mobility  has  an  obvious  bearing 
upon  the  communication  of  heat  to  gases  by  contact  with  liquid  or 
solid  surfaces.  The  impact  of  the  gaseous  molecule,  upon  a  surface 
possessing  a  different  temperature,  appears  to  be  the  condition  for 
the  transference  of  heat,  or  the  heat  movement,  from  one  to  the  other. 
The  more  rapid  the  molecular  movement  of  the  gas,  the  more  frequent 
the  contact  with  consequent  communication  of  heat.  Hence,  probably, 
the  great  cooling  power  of  hydrogen  gas  as  compared  with  air  or 
oxygen.  The  gases  named  have  the  same  specific  heat  for  equal 
volumes,  but  a  hot  object  placed  in  hydrogen  is  really  touched  3*8 
times  more  frequently  than  it  would  be  if  placed  in  air,  and  4  times 
more  frequently  than  it  would  be  if  placed  in  an  atmosphere  of  oxygen 
gas.  Dalton  had  already  ascribed  this  peculiarity  of  hydrogen  to  the 
high  *  mobility*  of  that  gas.  The  same  molecular  property  of  hydrogen 
recommends  the  application  of  that  gas  in  the  air-engine,  where  the 
object  is  to  alternately  heat  and  cool  a  confined  volume  of  gas  with 
rapidity.** 

VIII. 

Passage  of  Gases  through  Colloid  Septa, — In  1830,  Dr.  Mitchell,  of 
Philadelphia,  discovered  a  power  in  gases  to  penetrate  thin  sheet 


1870.] 


on  Profusor  Graham's  Scientific  Work. 


45 


indift-mbber ;  and,  noticing  the  comparatively  rapid  transmission  of 
carDonic  gas  through  the  rabber,  associated  this  observation  with  the 
farther  one  that  a  solid  piece  of  india-rubber  is  capable  of  absorbing  its 
own  volume  of  carbonic  gas,  when  left  in  contact  with  excess  of  the  gas 
for  a  suf&cient  length  of  time.  By  means  of  a  suitable  arrangement, 
Dr.  Mitchell  found  that  various  gases  passed  spontaneously  through 
a  caoutchouc  membrane  into  an  atmosphere  of  ordinary  air  with  different 
degrees  of  velocity — that  as  much  of  ammonia  gas  was  transmitted  in 
1  minute  as  of  carbonic  gas  in  5^  minutes,  as  of  hydrogen  in  37^ 
minutes,  and  as  of  oxygen  in  113  minutes.  Soon  after  their  publica- 
tion, these  results  were  ably  commented  on  and  extended  by  Dr. 
Draper,  of  New  York;  and,  altogether,  they  attracted  considerable 
attention  in  scientific  circles.  One  of  Mr.  Graham's  earliest  observa- 
tions— having  reference  to  the  spontaneous  passage  of  carbonic  gas 
into  a  moist  bladder  of  air,  so  as  ultimately  to  burst  the  bladder — had 
obviously  a  very  close  connection  with  Dr.  Mitchell's  results,  and 
received  from  Mr.  Graham  in  1829  the  same  explanation  that  in  1866 
1m  gave  to  his  own  india-rubber  experiments,  the  account  of  which  he 
communicated  to  the  Boyal  Society  in  a  paper  *'  On  the  Absorption  and 
Dialytic  Separation  of  Gases  by  Colloid  Septa."  *  In  his  experiments 
on  the  penetration  of  different  gases,  through  septa  of  india-rubber, 
into  a  vacuum,  Mr.  Graham  employed  a  tube  considerably  exceeding 
in  length  the  barometric  column,  open  at  one  end  and  closed  at  the 
other  by  a  thin  film  of  caoutchouc  stretched  over  a  plate  of  highly 
porous  stucco.  On  filling  this  tube  with  mercury,  and  inverting  it 
into  a  cup  of  mercury,  a  Torricellian  vacuum  was  left  at  the  top,  into 
which  the  external  air,  or  any  external  gas  experimented  on,  gradually 
found  its  way  by  passage  through  the  caoutchouc  film,  so  as  to  cause  a 
depression  of  the  mercurial  column.  By  experiments  made  in  this 
manner,  it  was  found  that  different  gases  penetrated  the  rubber,  and 
entered  the  vacuous  space  with  the  following  relative  velocities,  differ- 
ing widely  from  the  velocities  of  diffusion  and  transpiration  of  the 
•ame  gases  given  in  the  other  two  columns  of  the  Table : — 
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Bearing  in  mind  the  partial  separation  of  gases  from  one  another 
Attainable  by  reason  of  their  unequal  diffusive  velocities,  the  pos- 

•  *  PliiL  Tiana,*  1866,  p.  390. 
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of  gases,  consequent  on  their  innate  molecular  mobility,  could  take 
place  freely  in  both  directions. 

3rd.  A  septum  might  be  quite  free  from  pores,  of  any  kind  or  degree 
of  minuteness,  and  so  far  be  absolutely  impermeable  to  the  transmis- 
sion of  gas  in  the  form  of  gas ;  but  it  might  nevertheless  permit  a 
considerable  transmission  of  certain  gases  by  reason  of  their  prior 
solution  or  liquefaction  in  the  substance  of  the  septum.  And  whereas 
the  mere  passage  of  gas,  by  transpiration  or  diffusion  through  a  porous 
septum,  would  take  place  in  thorough  independence  of  the  nature  oi  the 
material  of  the  septum,  in  this  last  considered  action,  the  transmission 
would  tike  place  by  virtue  of  a  sort  of  chemical  affinity  between  the  gas 
and  the  material  of  the  septum — the  selective  absorption  of  the  gas  by 
the  septum  being  a  necessary  antecedent  of  its  transmission ;  whence 
it  might  be  said  the  gas  was  transmitted  because  it  was  first  absorbed. 
Of  course  in  certain  transmissions  two,  or  all  three,  modes  of  action 
might  come  into  play  simultaneously. 

IX. 

Occlusion  of  Gases  by  Metals. — The  experiments  of  Deville  and 
Troost  having  made  known  the  curious  fact  of  the  permeability  of 
ignited  homogeneous  platinum  and  ignited  homogeneous  iron  to 
hydrogen  gas,  and  given  some  indication  also  of  the  permeability  of 
ignited  iron  to  carbonic  oxide  gas,  Mr.  Graham,  in  1866,  corroborated 
the  results  of  the  French  chemists  in  reference  to  platinum;  but, 
modifying  their  method  by  letting  the  hydrogen  pass  into  a  space 
kept  vacuous  by  the  Sprengel  pump,  instead  of  into  an  atmosphere 
of  other  gas,  assimilated  the  process  to  that  which  he  had  em- 
ployed in  his  india-rubber  experiments.  The  results  he  obtained 
were  communicated  to  the  Eoyal  Society,  partly  in  the  paper  already 
referred  to  ^^  On  the  Absorption  and  Separation  of  Grases  by  Colloid 
Septa,"  and  partly  in  four  Supplementary  notices  published  in  the 
Proceedings  of  the  Society.*  In  carrying  out  the  investigation  form- 
ing the  subject  of  these  several  communications,  Mr.  Graham  had  the 
advantage  of  being  admirably  seconded  by  his  assistant,  Mr.  W. 
Chandler  Koberts,  whose  able  and  zealous  co-operation  he  repeatedly 
acknowledged  in  the  warmest  terms. 

Li  the  course  of  experiments  made  on  the  transmission  of  gases 
through  ignited  metallic  septa,  a  particular  platinum  tube,  being  ren- 
dered vacuous,  was  found  at  all  temperatures  below  redness  to  be  quite 
impermeable  to  hydrogen ;  whereas  at  a  red  heat,  it  transmitted  100 
cubic  centimetres  of  hydrogen  in  half-an-hour — the  quantities  of  oxygen, 
nitrogen,  marsh  gas,  and  carbonic  gas,  transmitted  under  the  same  con- 
ditions, not  amounting  to  *01  cubic  centimetre  each  in  half-an- 
hour.  It  was  ascertained  further  that,  with  an  ignited  vacuous  tube 
of  platinum  surrounded  by  a  current  of  ordinary  coal  gas  (a  variable 


♦  *  Roy.  Soc.  Proc.,'  xv.,  p.  502 ;  xvi.,  p.  422 ;  xvil.,  p.  212,  p.  500. 
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Yolmne  of  carbonic  oxide,  and  to  carry  this  gas  about  with  it  ever  after. 
The  absorbability  of  carbonic  oxide  by  iron  has  an  obviously  impor- 
tant bearing  on  the  theory  of  steel  production  by  cementation.  This 
process  would  appear  to  consist  in  an  absorption  of  carbonic  oxide  gas 
into  the  substance  of  the  iron,  and  in  a  subsequent  decomposition  of 
the  absorbed  gas  into  carbon  entering  into  combination  with  the  metal, 
80  as  to  effect  its  acieration,  and  carbonic  gas  discharged  from  the 
BurfEtce  of  the  metal,  so  as  to  produce  the  well-known  appearance  of 
blistering.  Nor  is  this  the  only,  or  even  the  chief  point  of  interest 
that  was  made  out  with  regard  to  iron ;  for  the  study  of  the  behaviour  of 
telluric  manufactured  iron  naturally  led  Mr.  Graham  to  the  examination 
of  sidereal  native  iron,  that  is  to  say,  the  iron  of  meteorites,  and  with 
the  following  result.  A  portion  of  meteoric  iron,  from  the  Lenarto  fall, 
when  heated  in  vacuo,  gave  off  2*85  times  its  volume  of  natural  gas,  of 
which  the  preponderating  constituent,  to  the  extent  of  85*7  per  cent, 
of  the  total  quantity,  consisted  not  of  carbonic  oxide,  but  of  hydrogen, 
the  carbonic  oxide  amounting  to  only  4*5  per  cent.,  and  the  remaining 
9*8  per  cent,  consisting  of  nitrogen.  The  inference  that  the  meteorite 
had  been,  at  some  time  or  other,  ignited  in  an  atmosphere  having 
hydrogen  as  its  prevailing  constituent,  seems  irresistible ;  and  judging 
from  the  volume  of  gas  yielded  by  the  iron,  the  hydrogen  atmosphere 
in  which  it  was  ignited  must,  in  all  probability,  have  been  a  highly 
condensed  one ;  the  charge  of  hydrogen  extracted  being  folly  five  times 
as  great  as  it  was  found  possible  to  impart  to  ordinary  iron  artificially. 
But  it  was  with  palladium  that  Mr.  Graham  obtained  his  most 
extraordinary  results.  This  metal  he  found  to  have  the  property  of 
transmitting  hydrogen  with  extreme  facility,  even  at  temperatures  very 
far  short  of  redness.  Coincidently,  at  temperatures  even  below  those 
requisite  for  transmission,  palladium  was  found  capable  of  absorbing 
many  hundred  times  its  volume  of  hydrogen.  Thus  a  piece  of  palla- 
dium foil  maintained  at  a  temperature  of  90^-97°  for  three  hours,  and 
then  allowed  to  cool  down  during  an  hour  and  a  half,  while  sur- 
rounded by  a  continuous  current  of  hydrogen  gas,  gave  ofi^  on  being 
afterwards  heated  in  vacuo,  643  times  its  volume  of  the  gas,  measured 
cold;  and  even  at  ordinary  temperatures,  it  absorbed  376  times  its 
volume  of  the  gas,  provided  it  had  first  been  recently  ignited  in 
vacuo.  In  another  experiment,  palladium  sponge,  heated  to  200° 
in  a  current  of  hydrogen  and  allowed  to  cool  slowly  therein,  after- 
wards yielded  686  times  its  volume  of  the  gas;  while  a  piece  of 
electrolytically  deposited  palladium  heated  only  to  100°  in  hydro- 
gen, afterwards  yielded,  upon  ignition  in  vacuo,  no  less  than  982 
times  its  volume  of  the  gas.  The  lowness  of  the  temperature  at 
which,  under  favourable  circumstances,  the  absorption  of  hydrogen 
by  palladium  could  thus  be  effected,  soon  suggested  other  means  of 
bringing  about  the  result.  For  example,  a  piece  of  palladium  foil 
was  placed  in  contact  with  a  quantity  of  zinc  undergoing  solution 
in  dilute  sulphuric  acid ;  and,  on  subsequent  examination,  was  found 
to  havp  €(b^rbpd  173  times  its  volume  of  hydrogen.     Again,  palla- 
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The  palladium  wire,  which  originally  measured  609  *  144  millimetres, 
thus  suffered,  by  four  successiYe  chargings  and  dischargings  of  hydro- 
gen, an  ultimate  contraction  of  23  *  99  millimetres,  or  a  reduction  of 
its  original  length  to  the  extent  of  nearly  4  per  cent.,  each  increment 
of  contraction  below  the  original  length  usually  exceeding  the  previous 
increment  of  elongation  above  the  original  length  of  the  wire.  The 
alternate  expansion  and  contraction  of  palladium  by  its  occlusion  and 
evolution  of  hydrogen  is  ingeniously  shown  by  a  contrivance  of  Mr. 
Boberts*,  in  wluch  a  slip  of  palladium  foil,  varnished  on  one  side,  is 
made  to  curl  and  uncurl  itself,  as  it  becomes  alternately  the  negative 
and  positive  electrode  of  a  battery,  or  is  alternately  charged  and  dis- 
charged of  hydrogen  on  its  free  surface. 

That  hydrogen  is  the  vapour  of  a  highly  volatile  metal  has  fre- 
quently been  maintained  on  chemical  grounds ;  and  from  a  considera- 
tion of  the  physical  properties  of  his  hydrogenized  palladium,  Mr. 
Graham  was  led  to  re^u^d  it  as  a  true  alloy  of  palladium  with  hydrogen, 
or  rather  hydrogonimn,  in  which  the  volatility  of  the  latter  metal  was 
restrained  by  the  fixity  of  the  former,  and  of  which  the  metallic  aspect 
was  equally  due  to  both  of  its  constituents.  Although,  indeed,  the  occlu- 
sion of  upwards  of  900  times  its  volume  of  hydrogen  was  found  to  lower 
the  tenacity  and  electric  conductivity  of  palladixmi  appreciably,  still  the 
hydrogenized  palladium  remained  possessed  of  a  most  characteristically 
metallic  tenacity  and  conductivity.  Thus,  the  tenacity  of  the  original 
wire  being  taken  as  100,  the  tenacity  of  the  fully  charged  wire  was 
found  to  be  81  *  29 ;  and  the  electric  conductivity  of  the  original  wire 
being  8*10,  that  of  the  hydrogenized  wire  was  found  to  be  5  *  99.  In 
further  support  of  the  conclusion  arrived  at  by  Mr.  Graham,  as  to  the 
metallic  condition  of  the  hydrogen  occluded  in  palladium,  he  adduced 
his  singular  discovery  of  its  being  possessed  of  magnetic  properties,  mora 
decided  than  those  of  palladium  itself,  a  metal  which  Mr.  Faraday  had 
shown  to  be  "  feebly  but  truly  magnetic."  Operating  with  an  electro- 
magnet of  very  moderate  strongth,  Mr.  Graham  found  that  while  an  ob- 
long fragment  of  electrolytically  deposited  palladium  was  deflected  from 
the  equatorial  by  10^  only,  the  same  fragment  of  metal,  charged  with 
604  •  6  times  its  volume  of  hydrogen,  was  deflected  through  48^.  Thus 
did  Mr.  Graham  supplement  the  idea  of  hydrogen  as  an  invisible  incon- 
densable gas,  by  the  idea  of  hydrogen  as  an  opaque,  lustrous,  white 
metal,  having  a  specific  gravity  between  0*7  and  0*8,  a  well-marked 
tenacity  and  conductivity,  and  a  very  decided  magnetiffln. 

[W.  O.] 
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Adige.  And  by  this  gate  not  only  the  Gothic  armies  came,  but  after 
the  Italian  nation  is  formed  the  current  of  northern  life  enters  still 
into  its  heart  through  the  mountain  artery,  as  constantly  and  strongly 
as  the  cold  waves  of  the  Adige  itself."  ..."  The  rock  of  this  pro- 
montory hardens  as  we  trace  it  back  to  the  Alps,  first  into  a  limestone 
having  knots  of  splendid  brown  jasper  in  it  as  our  chalk  has  flints,  and 
in  a  few  miles  more  into  true  marble,  coloured  by  iron  into  a  glowing 
orange  or  pale  warm  red — the  peach-blossom  marble,  of  which  Verona 
is  chiefly  built — and  then  as  you  advance  farther  into  the  hills  into 
variegated  marbles  very  rich  and  grotesque  in  their  veinings." 

After  dilating  on  the  magnificent  landscape  viewed  from  the  top  of 
this  promontory,  embracing  the  blue  plain  of  Lombardy  and  its  cities, 
Mr.  Buskin  said : — 

"  I  do  not  think  that  there  is  any  other  rock  in  all  the  world  from 
which  the  places  and  monuments  of  so  complex  and  deep  a  fragment 
of  the  history  of  its  ages  can  be  visible  as  from  this  piece  of  crag  with 
its  blue  and  prickly  weeds.  For  you  have  thus  beneath  you  at  once 
the  birthplaces  of  Virgil  and  of  Livy  —  the  homes  of  Dante  and 
Petrarch,  and  the  source  of  the  most  sweet  and  pathetic  inspiration  to 
your  own  Shakspeare — the  spot  where  the  civilization  of  the  Gothic 
kingdoms  was  founded  on  the  throne  of  Theodoric ;  and  there,  what- 
ever was  strongest  in  the  Italian  race  redeemed  itself  into  life  by  its 
league  against  Barbarossa ;  the  beginning  of  the  revival  of  natural 
science  and  medicine  in  the  schools  of  Padua ;  the  centre  of  Italian 
chivalry,  in  the  power  of  the  Scaligers ;  of  Italian  cruelty,  in  that  of 
Ezzelin ;  and,  lastly,  the  birthplace  of  the  highest  art ;  for  among 
those  hills,  or  by  this  very  Adige  bank,  were  bom  Mantegna,  Titian, 
Correggio,  and  Veronese." 

Mr.  Buskin  then  referred  to  a  series  of  drawings  and  photographs 
taken  at  Verona  by  himself  and  his  assistants,  Mr.  Burgess  and  Mr. 
Bunney,  which  he  had  divided  into  three  series,  and  of  which  he  had 
furnished  a  number  of  printed  catalogues  illustrated  with  notes. 

1.  *' Lombard,  extending  to  the  end  of  the  twelfth  century,  being 
the  expression  of  the  introduction  of  Christianity  into  barbaric  minds ; 
Ohristianization. 

2.  "The  Gothic  period.  Dante's  time,  from  1200  to  1400  (Dante 
beginning  his  poem  exactly  in  the  midst  of  it,  in  1300) ;  the  period 
of  vital  Christianity,  and  of  the  development  of  the  la\^s  of  duvaliy 
and  forms  of  imagination  which  are  founded  on  Christianity. 

3.  "  The  first  period  of  the  revival,  in  which  the  arts  of  Greece 
and  some  of  its  religion  return  and  join  themselves  to  Christianity ; 
not  taking  away  its  sincerity  or  earnestness,  but  making  it  poetioEd 
instead  of  practical.  In  the  following  period  even  &is  poetical 
Christianity  expired ;  the  arts  became  devoted  to  the  pursuit  of 
pleasure,  and  in  that  they  persist  except  where  they  are  saved  by  a 
healthy  naturalism  or  domesticity. 
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accept  it.  And  worse  still,  yon  find  snch  confidence  in  the  power  of 
the  creed  that  men  not  only  can  do  anything  that  is  wrong,  and  be 
themselves  for  a  word  of  faith  pardoned,  but  are  even  sure  that  after 
the  wrong  is  done  God  is  sure  to  put  it  all  right  again  for  them,  or 
even  make  things  better  than  they  were  before.  Now,  I  need  not 
point  out  to  you  how  the  spirit  of  persecution,  as  well  as  of  vain  hope 
founded  on  creed  only,  is  mingled  in  every  line  with  the  lovely  moral 
teaching  of  the  '  Divina  Gommedia ' — nor  need  I  point  out  to  you 
how,  between  the  persecution  of  other  people's  creeds  and  the  absolu- 
tion of  one's  own  crimes,  all  Christian  error  is  concluded." 

In  relation  to  this  Mr.  Huskin  referred  to  the  history  of  the 
founder  of  the  power  of  the  Scalas,  Mastino,  a  simple  citizen,  chosen 
first  to  be  podest^  and  then  captain  of  Verona,  for  his  justice  and 
sagacity,  who,  although  wise  and  peaceful  in  his  policy,  employed  the 
civil  power  in  the  persecution  of  heresy,  burning  above  two  hundred 
persons ;  and  he  also  related  how  Can  Signorio  della  Scala  on  his  death- 
bed, after  giving  a  pious  charge  to  his  children,  ordered  the  murder  of 
his  brother — examples  of  the  boundless  possibility  of  self-deception. 
One  of  these  children  killed  the  other,  and  was  himself  driven  from 
the  throne:  so  ending  the  dynasty  of  the  Scalas.  Eefernng  to  his 
illustrations,  Mr.  Buskin  pointed  out  the  expressions  of  hope,  in  the 
conquest  of  death,  and  the  rewards  of  fiEiith,  apparent  in  the  art  of  the 
time.  The  Lombard  architecture  expresses  the  triumph  of  law  over 
passion,  the  Christian,  that  of  hope  over  sorrow. 

Mr.  Euskin  concluded  his  remarks  on  this  period  by  commenting 
on  the  history  and  the  tomb  of  Can  Grande  della  Scala,  a  good 
knight  and  true,  as  busy  and  bright  a  life  as  is  found  in  the  annals 
of  chivalry. 

8.  "  The  period  when  classical  literature  and  art  were  again  known 
in  Italy,  and  the  painters  and  sculptors,  who  had  been  gaining  steadily 
in  power  for  two  hundred  years — power  not  of  practice  merely,  but  ot 
race  also — with  every  circumstance  in  their  favour  around  them, 
received  their  finally  perfect  instruction,  both  in  geometrical  science, 
in  that  of  materials,  and  in  the  anatomy  and  action  of  the  human 
body.  Also  the  people  about  them — the  models  of  their  work — had 
been  perfected  in  personal  beauty  by  a  chivalric  war ;  in  imagination 
by  a  transcendental  philosophy  ;  in  practical  intellect  by  stem 
struggle  for  civic  law ;  and  in  commerce,  not  in  falsely  made  or  vile 
or  unclean  things,  but  in  lovely  things,  beautifully  and  honestly  made. 
And  now,  therefore,  you  get  out  of  all  the  world's  long  history  since 
it  was  peopled  by  men  till  now — ^you  get  just  fifty  years  of  perfect 
work.  Perfect.  It  is  a  strong  word — it  is  also  a  true  one.  The 
doing  of  these  fifty  years  is  unaccusably  Bight,  as  art;  what  its 
sentiment  may  be — whether  too  great  or  too  little — whether  super- 
ficial or  sincere — is  another  question,  but  as  artists'  work  it  admits 
no  conception  of  anything  better. 
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tiken  to  reoeiye  with  sacred  art  these  great  gifts  of  quiet  snow  and 
flying  ndn.  Think,  I  repeat,  what  fiiat  south  slope  of  the  Alps 
might  be;  one  paradise  of  lovely  pasture  and  avenued  forest  of 
chestnut  and  blossomed  trees,  with  cascades  docile  and  innocent  as 
in&nta,  laughing  all  summer  long  from  crag  to  crag  and  pool  to  pool, 
and  the  Adige  and  the  Po,  the  Dora  and  the  Ticino,  no  more  defiled, 
no  more  alternating  between  fierce  flood  and  venomous  languor,  but 
in  calm  dear  currents  bearing  ships  to  every  city  and  health  to  every 
field  of  all  that  azure  plain  of  Lombard  Italy 

**  It  has  now  become  a  most  grave  object  with  me  to  get  some  of 
the  great  pictures  of  the  Italian  schooLs  into  England ;  and  that  I 
think  at  this  time — with  good  help—it  might  be  contrived.  Further, 
without  in  the  least  urging  my  plans  impatiently  on  any  one  else,  I 
know  thoroughly  that  this  which  I  have  said  should  be  done,  can  be 
done,  for  the  Italian  rivers,  and  that  no  method  of  employment  of  our 
idle  able-bodied  labourers  would  be  in  the  end  more  remunerative,  or 
in  the  beginnings  of  it  more  healthfid  and  every  way  beneficial  than, 
with  the  concurrence  of  the  Italian  and  Swiss  governments,  setting 
them  to  redeem  the  valleys  of  the  Ticino  and  the  Rhone.  And  I  pray 
yon  to  think  of  this ;  for  I  tell  you  truly — you  who  care  for  Italy — 
thai  both  her  passions  and  her  mountain  streams  are  noble ;  but  that 
her  happiness  depends  not  on  the  liberty,  but  the  right  government 
€f  both."  [J.  R] 
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being  filled  with  spirit,  but  a  small  vacuity  being  left,  by  which  any 
reduction  in  the  capacity  of  the  outer  bulb  is  prevented  from  com- 
municating pressure  to  the  inner.  This  plan  of  construction,  which 
was  suggested  by  Professor  W.  A.  Miller,  has  been  so  successfully 
carried  into  practice  by  Mr.  Casella,  that  Thermometers  thus  protected 
have  been  subjected  to  a  pressure  of  three  tons  on  the  square  inch,  in  a 
testing-machine  devised  for  the  purpose,  without  undergoing  more 
than  a  very  slight  elevation,  of  which  a  part  (at  least)  is  attributable 
to  the  heat  given  out  by  the  compression  of  the  water  in  which  they 
were  immersed :  whilst  the  very  best  Thermometers  of  the  ordinary 
construction  were  affected  by  the  same  pressure  to  the  extent  of  8°  or 
10°,  the  elevation  in  some  instruments  reaching  as  much  as  50°  or 
60°.*  Two  of  these  protected  Miller-Casella  thermometers  were  used 
in  each  observation ;  and  they  always  agreed  within  a  fraction  of  a 
degree.  The  same  pair  was  used  throughout  the  Expedition ;  and 
notwithstanding  that  they  were  used  for  166  separate  observations,  in 
which  they  travelled  up  and  down  nearly  100  miles,  they  came  back 
in  perfectly  good  order, — a  result  mainly  due  to  the  care  with  which 
they  were  handled  by  Captain  Calver.  It  may  be  affirmed  with  great 
confidence  that  the  Temperatures  which  they  indicated  wore  correct 
within  1°  (Fahr.)  ;  an  approximation  quite  near  enough  for  the  scien- 
tific requirements  of  the  case. 

In  order  to  connect  the  work  of  the  *  Porcupine '  with  that  of  the 
*  Lightning '  expedition,  it  will  be  desirable  to  commence  with 
the  third  Cruise  of  the  former,  in  which  a  detailed  survey  was  made 
of  the  area  traversed  in  the  preceding  year  by  the  latter.  In  this 
Cruise  bo^/om-soundings  were  taken  at  thirty-six  different  stations,  at 
depths  varying  from  100  to  767  fathoms ;  of  these,  seventeen  were  in 
the  Cold  area  and  fourteen  in  the  Warm,  whilst  five  exhibited  inter- 
mediate temperatures,  in  accordance  with  their  border  position  between 
the  two.  In  order  to  ascertain  whether  the  minimum  Temperatures 
thus  obtained  were  really  the  temperatures  of  the  bottom.  Serial 
soundings  were  taken  at  three  stations,  of  which  one  was  in  the 
Warm  area  and  two  in  the  Cold, — the  temperature  at  different  depths 
between  the  surface  and  the  bottom  being  ascertained  by  successive 
observations,  at  the  same  points,  at  intervals  of  50  or  100  fathoms. 
All  these  results  agreed  extremely  well  with  each  other ;  and  they 
closely  accorded  witib  the  fifteen  observations  made  in  the  *  Lightning ' 
expedition,  when  the  requisite  correction  for  pressure  (fit)m  2°  to  8°, 
according  to  the  depth)  was  applied  to  the  latter.     (Table  I.,  p.  81.) 

♦  See  Professor  W.  A.  Miller's  *  Note  upon  a  Self-Ree:i8toring  Thermometer, 
adapted  to  Deep  Sea  Soundings,'  in  *  Proceedings  of  the  Royal  Society,'  June  17, 
1869. — The  same  principle  had  been  previously  applied  in  thermometers  con- 
structed under  the  direction  of  Admiral  Fitzroy;  the  spac^  between  the  two 
bulbs,  however,  being  occupied  with  mercury  instead  of  spirit.  Owing,  however, 
to  some  imperfection  in  their  construction,  their  performance  was  not  satisfactory, 
and  they  were  found  very  liable  to  fracture. 
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from  the  nearer  proxiinity  of  the  Cold  stream  to  its  source.  (2)  The 
sand  coyering  tlie  bottom  contains  particles  of  Volcanic  minerals, 
probably  brought  down  from  Jan  Majen  or  Spitzbergen.  (3)  The 
Fauna  of  the  Cold  area  has  a  decidedly  Boreal  type ;  many  of  the 
animals  which  abound  in  it  having  been  hitherto  found  only  on 
the  shores  of  Greenland,  Iceland,  or  Spitzbergen. 

Although  the  Temperatures  obtained  in  the  Warm  area  do  not 
afford  the  same  striking  evidence  of  the  derivation  of  its  whole  body 
of  water  from  a  Southern  source,  yet  a  careful  examination  of  its 
condition  seems  fully  to  justify  such  an  inference.      For  the  water 
at  400  fathoms  in  Lat.  59^^  was  only  2^*4  colder  than  water  at  the 
same  depth  at  the  northern  border  of  the  Bay  of  Biscay,  in  a  Latitude 
more  than  10°  to  the  south,  where  the  surface-temperature  was  62^*7  ; 
ancl  the  approximation  of  the  two  temperatures  is  yet  nearer  at  still 
greater  depths,  the  bottom-temperature  at  767  fathoms  at  the  former 
station  being  41^*4,  whilst  the  temperature  at  750  fathoms  at  the 
latter  point  was  42^*5.     Now,  as  it  may  be  certainly  afiGb-med  that 
the  lowest  temperature  observed  in  the  Warm  area  is  considerably 
above  the  isotherm  of  its  latitude,  and  that  this  elevation  could  not 
be  maintained  against  the  cooling  influence  of  the  Arctic  stream  but 
for  a  continual  supply  of  heat  from  a  warmer  region,  the  inference 
seems  inevitable  that  the  bulk  of  the  water  in  the  Warm  area  must 
have  come  thither  from  the  South-west.     The  influence  of  the  Gulf 
Stream  proper  (meaning  by  this  the  body  of  superheated  water  which 
issues  through  the  *  Narrows  *  from  the  Gulf  of  Mexico),  if  it  reaches 
this  locality  at  all — which  is  very  doubtfiil — could  only  affect  the 
most  superficial  stratum ;  and  the  same  may  be  said  of  the  surface-drift 
caused  by  the  prevalence  of  south-westerly  winds,  to  which  some  have 
attributed  the  phenomena  usually  accounted-for  by  the  extension  of 
the  GuK  Stream  to  these  regions.     And  the  presence  of  the  body  of 
water  which  lies  between  100  and  600  fathoms'  depth,  and  the  range 
of  whose  temperature  is  from  48°  to  42°,  can  scarcely  be  aocounteid 
for  on  any  other  hypothesis  than  that  of  a  great  general  movement  of 
Equatorial  water  towards  the  Polar  area ;  of  which  movement  the  Gulf 
Stream  constitutes  a  peculiar  case  modified  by  local  conditions.     In 
like  manner,  the  Arctic  Stream  which  underlies  the  warm  superficial 
stratum  in  our  Cold  area,  constitutes  a  peculiar  case,  modified  by  the 
local  conditions  to  be  presently  explained,  of  a  great  general  movement 
of  Polar  ioater  towards  the  Equaiorial  area,  which  depresses  the  tem- 
perature of  the  deepest  parts  of  the  great  Oceanic  basins  nearly  to  the 
freezing-point. 

During  the  first  and  second  Cruises  of  the  *  Porcupine,'  the  Tem- 
perature of  the  eastern  border  of  the  great  North  Atlantic  basin  was 
examined  at  various  depths  between  from  54  to  2435  fathoms,  and 
in  widely  different  localities,  ranging  from  Lat.  47°  to  Lat.  55°.  The 
6of^ow-temperature  was  ascertained  at  thirty  stations,  and  serial  sound- 
ings were  taken  at  seven  stations ;  making  the  total  number  of  observa- 
tions eighty-four.  (Table  EL,  p.  82.)  Amongst  all  these  the  coincidence 


70  Dr.  W.  B.  Carpenter  [Feb.  11, 

this  interspace,  at  the  north  of  which  lies  Spitzbergen,  whilst  Iceland 
and  the  Faroes  lie  in  the  middle  of  its  southerly  expanse.  Now  in  the 
channel  that  lies  between  Greenland  and  Iceland,  the  depth  is  snch  as 
to  give  a  free  passage  to  such  a  frigid  stream  ;  but  between  Iceland  and 
the  Faroe  Islands  there  is  no  depth  so  great  as  300  fathoms  at  any  part, 
except  in  a  narrow  channel  at  the  south-east  comer  of  Iceland ;  so 
that  an  effectual  barrier  is  thus  interposed  to  any  movement  of  frigid 
water  at  a  depth  exceeding  this.  A  similar  barrier  is  presented,  not 
merely  by  the  plateau  on  which  the  British  Islands  rest,  but  also  by 
the  bed  of  the  North  Sea ;  the  shallowness  of  which  must  give  to  such 
a  movement  a  not  less  effectual  check  than  would  be  afforded  by  an 
actual  coast-line  uniting  the  Shetland  Islands  and  Norway.  Conse- 
quently, it  is  obvious  that  a  flow  of  ice-cold  water,  at  a  depth  exceeding 
300  fathoms  from  the  surface,  down  the  north-«astem  portion  of  this 
interspace,  can  only  find  its  way  southwards  through  the  deeper  portion 
of  the  channel  between  the  Faroe  and  Shetland  Islands ;  which  will  turn 
it  into  a  W.S.W.  direction  between  the  Faroe  Islands  and  the  north  of 
Scotland,  and  finally  discharge  such  part  of  it  as  has  not  been  neu- 
tralized by  the  opposing  stream  coming  up  from  the  south-west,  into 
the  great  North  Atlantic  basin,  where  it  will  meet  the  Icelandic  and 
Greenland  currents,  and  unite  with  them  in  diffusing  frigid  waters 
through  its  deeper  portion.  In  thus  spreading  itself,  however,  the 
frigid  water  will  necessarily  mingle  with  the  mass  of  warmer  water 
with  which  it  meets,  and  wUl  thus  have  its  own  temperature  raised, 
whilst  lowering  the  general  temperature  of  that  mass ;  and  hence  it 
is  that  wo  do  not  find  the  temperature  of  even  the  greatest  depths  of 
the  Atlantic  basin  nearly  so  low  as  that  of  the  comparatively  shallow 
channel  which  feeds  it  with  Arctic  water. 

It  may  be  questioned,  however,  whether  the  whole  body  of  Arctic 
water  that  finds  its  way  through  the  channels  just  indicated,  cpuld 
alone  maintain  so  considerable  a  reduction  in  the  temperature  of  the 
enormous  mass  which  lies  below  1000  fathoms  in  the  Atlantic  basin ; 
subject  as  this  must  be  to  continual  elevation  by  the  surface-action  of 
the  Sim  on  its  southern  portion.  And  as  the  few  reliable  observations 
on  Deep-sea  Temperatures  imder  the  Equator  indicate  that  even  there  a 
temperature  not  much  above  32°  prevails,  it  seems  probable  that  part 
of  the  cooling  effect  is  due  to  the  extension  of  a  flow  of  frigid  water 
from  the  Antarctic  Pole,  even  north  of  the  Tropic  of  Cancer.  Of  such 
an  extension  there  is  evidence  in  the  Temperature-soundings  recently 
taken  in  H.M.S.  'Hydra'  between  Aden  and  Bombay,  where  the 
cooling  influence  could  scarcely  have  been  derived  from  any  other 
source  than  the  Antarctic  area.* 


*  The  lowest  temperature  actually  observed  in  these  soundings  was  36^°.  The 
temperature  of  33^^  given  in  the  previous  Discourse,  as  existing  below  1800 
fathoms,  proves  to  have  been  only  an  estimate  formed  by  Captain  Shortland  under 
the  idea  that  the  rate  of  reduction  observed  at  smaller  depths  would  continue 
uniform  to  the  bottom,  which  the  Serial  soundings  of  the  *  Porcupine '  prove  to  be 
by  no  means  the  case. 
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shown  that  many  species  of  Mollusks  and  Cmstaoea  previously  snp- 
posod  to  be  purely  Arctic,  range  southwards  in  deep  water  as  far  as 
those  dredgings  extended — namely,  to  the  northern  extremity  of  the 
Bay  of  Biscay ;  and  it  becomes  a  question  of  high  interest  whether  an 
extension  of  the  same  mode  of  exploration  would  not  bring  them  up 
from  the  abysses  of  even  Intertropical  sea& 

Now,  as  there  must  have  been  deep  seas  at  all  Geological  epochs, 
and  as  the  Physical  forces  which  maintain  the  Oceanic  circulation 
must  have  been  in  operation  throughout,  though  modified  in  their 
local  action  by  the  particular  distribution  of  land  and  water  at  each 
period,  it  is  obvious  that  the  presence  of  Arctic  types  of  animal  life 
in  any  Marine  formation  cannot  be  accepted  as  furnishing  evidence 
per  86  of  the  general  extension  of  Glacial  action  into  temperate  or 
tropical  regions. — ^How  fftr  the  doctrines  now  current  on  diis  point 
may  need  to  be  modified  by  the  new  facts  now  brought  to  bear  on 
them,  it  will  be  for  Geologists  to  determine ;  the  question  may  be  left 
in  their  hands  with  full  assurance  of  a  candid  reception  of  tiie  fresh 
evidence  now  adduced. 

The  general  results  of  the  Dredging  operations  carried  on  during 
the  *  Porcupine '  expedition  will  now  be  concisely  stated. 

In  the  first  place  they  show  conclusively  that  there  is  no  limit  to 
the  depth  at  which  Animcd  life  may  exist  on  the  Ocean-bed;  and  that 
the  types  found  at  even  the  greatest  depths  may  be  not  less  elev&ted  in 
character  than  those  inhabiting  shallower  waters.  It  would  even  be 
premature  yet  to  affirm  that  the  higher  types  occur  in  less  abundance 
and  variety  than  at  more  moderate  depths;  for  it  is  by  no  means 
impossible  that  the  use  of  the  improved  method  of  collection  devised 
by  Capt.  Calver,*  which  was  employed  with  extraordinary  success 
in  the  third  Cruise,  may  make  as  large  an  addition  to  our  Imowledge 
of  the  Life  of  the  sea-bottom  explored  by  the  Dredge  in  the  first  and 
second  Cruises  of  the  '  Porcupine/  as  it  has  done  in  the  case  of  the 
Cold  area,  where  it  revealed  the  astonishing  richness  of  the  bottom,^ 
which  the  *  Lightning'  dredgings  of  the  previous  year  had  led  us 
to  regard  as  comparatively  barren. 

Secondly,  they  confirm  our  previous  conclusion  that  Temperature 
exerts  a  much  greater  infiuonce  than  Pressure  on  the  distribution  of 
Animal  life.  Not  only  have  we  found  the  same  forms  presenting 
themselves  through  an  enormous  vertical  range — no  amount  of  fluid 
Pressure  being  incompatible  with  their  existence — but  we  have  also,  by 
a  more  complete  survey  of  the  relations  of  the  Warm  and  Cold  areas, 
established  the  very  marked  diflerence  between-  the  FaunaB  of  two  con- 
tiguous portions  of  the  sea-bed  lying  at  the  same  depth,  which  was  indi- 
cated by  the  '  Lightning '  dredgings.     It  is  remarkable,  however,  that 


*  This  consists  in  the  attachment  of  "  hempen  tanj^^les  **  to  the  dredging 
apparatus,  by  which  the  floor  of  the  ocean  is  strept  as  well  as  scraped,  llieae 
tangles  often  came  up  loaded,  when  the  dredge  wae  nearly  empty. 
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to  forms  previonsly  known  in  the  Chalk,  the  nature  of  which  had  not 
been  recognized.  Some  of  them  throw  an  important  light  on  the 
structure  of  two  gigantic  Arenaceous  types  from  the  Upper  Green-sand, 
recently  described  by  the  speaker  and  Mr.  H.  B.  Brady,  an  account  of 
which  will  appear  in  the  forthcoming  part  of  the  *  Philosophical  Trans- 
actions;' and  there  is  one  which  can  be  certainly  identified  with  a 
form  lately  discovered  by  Mr.  H.  B.  Brady  in  a  clay-bed  of  the  Car- 
boniferous Limestone. 

The  question  now  arises,  whether — ^as  there  must  have  been  deep 
seas  in  all  Geological  periods,  and  as  the  changes  which  modified  the 
climate  and  depth  of  the  sea-bottom  were  for  the  most  part  yery 
gradual — we  may  not  carry  back  the  continuity  of  the  accumulation 
of  Olcbigerina-mnd  on  some  part  or  other  of  the  ocean-bed  into  Geo- 
logical epochs  still  more  remote ;  and  whether  it  has  not  had  the  same 
large  share  in  the  production  of  the  earlier  Calcareous  deposits,  that 
it  has  undoubtedly  had  in  that  of  the  later.  The  Foraminiferal  origin 
of  certain  beds  of  the  Carboniferous  Limestone,  for  example,  appears 
to  be  indicated  by  the  presence  of  Glcbigerince,  long  since  observed  by 
Professor  Phillips  in  sections  of  them,  as  well  as  by  the  fftct  just 
stated.  The  sub-crystalline  character  of  these  rocks  cannot  be  re- 
garded as  in  any  way  antagonistic  to  such  an  idea  of  their  origin, 
since  it  is  perfectly  well  known  that  all  traces  of  the  organic  origin 
of  Calcareous  rocks  may  be  completely  removed  by  subsequent  meta- 
morphism, — as  in  the  Chalk  of  tiie  Antrim  coast. 

What  is  the  source  of  Nutriment  for  the  vast  mass  of  Animal  life 
covering  the  abyssal  Sea-bed,  is  a  question  of  the  greatest  Biological 
interest.  That  Animals  have  no  power  of  themselves  generating  the 
Organic  Compoimds  which  serve  as  the  materials  of  their  bodies — and 
that  the  production  of  these  materials  from  the  carbonic  acid,  water,  and 
ammonia  of  the  Inorganic  world,  under  the  influence  of  Light,  is  the 
special  attribute  of  Vegetation — is  a  doctrine  so  generally  accepted, 
that  to  call  it  in  question  would  be  esteemed  a  Physiological  heresy. 
There  is  no  difficulty  in  accounting  for  the  alimentation  of  the  higher 
Animal  types,  with  such  an  unlimited  supply  of  food  as  is  afforded  by 
the  Glcbigerince  and  the  Sponges  in  the  midst  of  which  they  live,  and 
on  which  many  of  them  are  known  to  feed.  Given  the  Protozoa^ 
everything  else  is  explicable.  But  the  question  returns, — On  what  do 
these  Protozoa  live  ? 

The  hypothesis  has  been  advanced  that  the  food  of  the  abyssal 
Protozoa  is  derived  from  Diatoms  and  other  forms  of  minute  Plants, 
which,  ordinarily  living  at  or  near  the  surface,  may,  by  subsiding  to 
the  depths,  carry  down  to  the  animals  of  the  sea-bed  the  supplies  they 
require.  Our  examination  of  the  surface-waters,  however,  has  afforded 
no  evidence  of  the  existence  of  such  Microphytic  vegetation  in  quantity 
at  all  suf&cient  to  supply  the  vast  demand;  and  the  most  carefiil 
search  in  the  Globigeiina-mud  has  failed  to  bring  to  light  more  than 
a  very  small  number  of  specimens  of  these  siliceous  envelopes  of 
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Angus  Smith  for  the  pnrpose  of  diBtrnguishing  the  Organic  matter  in 
a  state  of  decomposition  from,  that  which  is  only  decomposable;  with  the 
result  of  showing  the  uniform  presence  of  an  appreciable  quantity  of 
matter  of  the  latter  kind,  which,  not  having  passed  into  a  state  of 
decomposition,  may  be  assimilable  as  food  by  animals, — being,  in  fact, 
Protoplasm  in  a  state  of  extreme  dilution.  And  the  careful  analyses 
of  larger  quantities  collected  during  the  Third  cruise,  which  have  been 
since  made  by  Dr.  Frankland,  have  fully  confirmed  these  results,  by 
demonstrating  the  highly  acidized  character  of  this  Organic  matter, 
which  presents  itself  in  samples  of  Sea-water  taken  up  at  from  500 
to  750  fathoms'  depth,  in  such  a  proportion  that  its  universal  diffusion 
through  the  Oceanic  waters  may  be  safely  predicated. 

Until,  therefore,  any  other  more  probable  hypothesis  shall  have 
been  proposed,  the  sustenance  of  Animal  life  on  the  ocean-bottom  at 
any  depth  may  be  fairly  accounted  for  on  the  supposition  of  Prof. 
Wyville  Thomson,  that  the  Protozoic  portion  of  that  Fauna  is  nou- 
rished by  direct  absorption  from  the  dilute  Protoplasm  difPused 
through  the  whole  mass  of  Oceanic  waters,  just  as  it  draws  from  the 
same  mass  the  mineral  ingredients  of  the  i^eletons  it  forms.  This 
diffused  Protoplasm,  however,  must  be  continually  undergoing  decom- 
position, and  must  be  as  continually  renewed ;  and  the  source  of  that 
renewal  must  lie  in  the  surface-life  of  Plants  and  Animals,  by  which 
(as  pointed  out  by  Prof  Wyville  Thomson)  fresh  supplies  of  Organic 
matter  must  be  continually  imparted  to  the  Oceanic  waters,  being 
carried  down  even  to  their  greatest  depths  by  that  liquid  diffusion 
which  was  so  admirably  investigated  by  the  late  Professor  Graham. 

Not  only,  however,  has  the  Nutrition  of  the  Abyssal  Fauna  to  be 
explained ;  its  Bespiration  also  has  to  be  accounted  for ;  and  on  this 
process  also  the  results  of  the  analyses  of  the  Grases  of  the  Sea-water 
made  during  the  *  Porcupine  *  expedition  throw  very  important  light. 
Samples  were  collected  not  only  at  the  surface,  under  a  great  variety 
of  circumstances,  but  also  from  great  depths ;  and  the  gases  expelled 
by  boiling  were  subjected  to  analysis  according  to  the  method  of 
Prof.  W.  A.  Miller — the  adaptation  of  his  apparatus  to  the  exigencies 
of  ship-board  having  been  successfully  accomplished  during  the  First 
cruise  by  Mr.  W.  L.  Carpenter.  The  general  average  of  thirty 
analyses  of  surface-water  gives  the  following  as  the  percentage  pro- 
portions :— 25  •  1  Oxygen,  54  •  2  Nitrogen,  20  •  7  Carbonic  Acid.  This 
proportion,  however,  was  subject  to  great  variations,  as  will  be  pre- 
sently shown.  As  a  general  rule,  the  proportion  of  Oxygen  was  found 
to  diminish,  and  that  of  Carbonic  Acid  to  increase,  with  the  depth : 
the  results  of  analyses  of  intermediate  waters  giving  a  percentage  of 
22*0  Oxygen,  52*8  Nitrogen,  and  26*2  Carbonic  Acid;  whilst  the 
results  of  analyses  of  6ottor»-waters  gave  19*6  Oxygen,  52  •  6  Nitrogen, 
and  27  •  9  Carbonic  Acid.  But  6o(tom-water  at  a  comparatively  small 
depth  often  contained  as  much  Carbonic  Acid  and  as  little  Oxygen  as 
intermediate  water  at  much  greater  depths;   and  the  proportion  of 
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Carbonic  Acid  to  Oxygen  in  hottam-wekter  was  found  to  bear  a  mnch 
doeer  relation  to  the  abnndance  of  Animal  life  (especially  of  the 
more  elevated  types),  as  shown  by  the  Dredge,  than  to  its  depth. 
This  was  very  strikingly  shown  in  an  instance  in  which  analyses 
were  made  of  the  gases  contained  in  samples  of  water  collected  at 
every  50  fathoms,  from  400  fathoms  to  the  bottom  at  862  fathoms, 
the  percentage  results  being  as  follows : — 


750  fath. 

Oxygen      18*8 

Xitrogen 49*3 

Carbonic  Acid   . .      . .     31  *  9 


800  fath. 
17-8 

48-5 

33-7 


Bottom.  862  fath. 
17-2 

48-3 


The  extraordinarily  augmented  percentage  of  Carbonic  Acid  in  the 
stratum  of  water  here  immediately  overlying  the  Sea-bed  was  accompa- 
nied by  a  great  abundance  of  Animal  life.  On  the  other  hand,  the  lowest 
percentage  of  Carbonic  Acid  found  in  bottom-water — viz.  7 '  9 — was 
aooompanied  by  a  "very  bad  hauL"  In  several  cases  in  which  the 
depths  were  nearly  the  same,  the  analyst  ventured  a  prediction  as  to 
the  abundance,  or  otherwise,  of  Animal  life,  from  the  proportion  of 
Carbonic  Acid  in  the  bottom-water;  and  his  prediction  proved  in 
every  instance  correct. 

It  would  appear,  therefore,  that  the  increase  in  the  proportion  of 
Carbonic  Acid,  and  the  diminution  in  that  of  the  Oxygen,  in  the  abyssal 
witers  of  the  Ocean,  is  due  to  the  Respiratory  process,  which  is  no  less 
ft  necessary  condition  of  the  existence  of  Animal  life  on  the  sea-bed, 
than  is  the  presence  of  food-material  for  its  sustenance.  And  it  is 
fiirthcr  obvious  that  the  continued  consumption  of  Oxygen  and  liber- 
•tion  of  Carbonic  Acid  would  soon  render  the  stratum  of  water  imme- 
diately above  the  bottom  completely  irrespirable — in  the  absence  of 
iny  antagonistic  process  of  Vegetation — were  it  not  for  the  upward 
diffosion  of  the  Carbonic  Acid  through  the  intermediate  waters  to  the 
nrface,  and  the  doumward  diffusion  of  Oxygen  from  the  surface  to  the 
depths  below.  A  continual  interchange  will  take  place  at  the  surface 
between  the  gases  of  the  Sea-water  and  those  of  the  Atmosphere ;  and 
thus  the  Respiration  of  the  Abyssal  Fauna  is  provided  for  by  a  process 
d  diffusion,  which  may  have  to  operate  through  three  miles  or  more  of 
intervening  water. 

The  varying  proportions  of  Carbonic  Acid  and  Oxygen  in  the  «ir- 
/cee-waters  are  doubtless  to  be  accounted  for  in  part  by  the  differences 
in  the  amotmt  and  character  of  the  Animal  life  existing  beneath ; 
bat  a  comparison  of  the  results  of  the  analyses  made  during  the  agita- 
tion of  the  surface  by  wind,  with  those  made  in  calm  weather,  showed 
10  decided  a  reduction  in  the  proportion  of  Carbonic  Acid,  with  an 
increase  in  that  of  Oxygen,  under  the  former  condition,  as  almost 
ineqni vocally  to  indicate  that  superficial  disturbance  of  the  Sea  by 
Atmoq)heric  movement  is  absolutely  necessary  for  its  purification 
frcfn  the  noxious  effects  of  Animal  decomposition.    Of  this  view  a 
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arrangement  might  be  made  by  our  own  Admiralty  with  the  Na^al 
authorities  of  the  United  States;  by  which  a  thorongh  survey,  Physical 
and  Biological,  of  the  North  Atlantic  should  be  divided  between 
the  two  countries ;  so  that  British  and  American  explorers,  prose- 
cuting in  a  spirit  of  generous  rivalry  labours  most  important  to  the 
Science  of  the  Future,  might  meet  and  shake  hands  on  l3ie  Mid-Ocean. 

[W.  B.  0.] 


Tablb  L — ^Tkmfebattbe  of  tho  Sea  at  different  Depths  in  the  Channel  between 


tained  by 
tbe*Ligh 

Serial  and  by  BcdUm  Soundings.    (K.K  The  Roman  Nnmerala  indicate 

tning'  Tempeiaturo-SonndingB,  corrected  for  pressure.) 

Wjlkm  Abka. 

Seri 

Cold  Abea. 

Serif 

«87. 

StAtion 
No. 

1 
Sorfiue  1  Bottom 

eB64. 

Ser.  62. 

SiAtinn 

SnrCftce 
Tempe- 

Bottom 

1 

Depth.  Tempe- 

Tempo-  i 

OIAUUU 

Nit 

Detph. 

Tempe- 

^*^i  rmtare. 

ratnre. 

»taro..  Depth. 

Tempe- 
latore. 

Tempo- 
rmtnre. 

J^\M 

rature. 

ratora. 

tate.       o 

ftuhs. 

o 

o 

fatha 

o      i      o 

faths. 

o 

o 

0     52-6 

1 

0 

49-7 

52-1 

50     481 

73 

84 

52-7 

48-8  - 

50 

45-5 

48-5 

70 

m 

53*4 

45*2 

80 

92 

53-2 

49-4 

69 

67 

53*5 

43*8 

100 

47-3 

100 

450     47-3 

68 

75 

52*5 

440 

71 

103  1  530  '  48-6  : 

61 

114 

50*4 

45  0 

81 

142 

53-3     491 

62 

125 

49*6 

44*6 

150  ;  470 

84 

155 

54-3 

49-2 

150 

43-3 

46-5 

60 

167 

49-5 

44*3 

85 

190 

53-9  j  48-7 

IX. 

170 

52*0 

41  0 

»0 

46*8 

200 

39-6 

45-6 

74 

203 

52-5 

47-7 

250 

34-3  ;  38-4 

m 

46*6 

1 

300 

32-4 

30-8 

\ 

1 

63 

317 

490 

30*3 

1           i 

65 

345 

52*0 

29*9 

1 

76 

344     50*3 

29*7 

1   50 

355  !  52-6 

46-2 

350 

31-4 

54 

963 

52-5 

31*4 

46 

374     53-9 

460  ' 

384 

•  • 

30-6 

«0    46- 1 

:  400 

31  0 

•  • 

86 

445 

53*6 

301 

1 

89 

445     531 

45-6      450 

30-6 

•  • 

1 

90 

458     53- 1  '  45-2 

1 

1 

56 

480 

52*6 

30*7 

<    49 

475  :  536     45-4 

53 

490 

52*1 

300 

»0    451 

1 

500 

301  :     .. 

X. 

500 

51  0 

30*8 

i 

TI. 

530     52-5     44-8 

58 

540 

51*5 

30*8 

1 

47 

542     540     43-8   •          1 

vni. 

550 

530 

29*8 

XT.     570     520  !  43-5 

550     301  1     .. 

77 

560 

50*9 

29*8 

1 

1 

59 

580 

52*7 

29*7 

«»    430 

600     29-9  1     .. 

xvn.    620     52-0     435 

1    55 

605  :  52*6 

29*8 

•  xnr.    650     530  ;  425 

i   57 

632  i  52*0 

30*5 

1- 

640     29-6 

1 

-m 

1 

1 

1          ' 

1 

88      705     53-5     427   '          i 

1 

1 

1 

TC    41*4 

1                       ] 

1 
1 

Vol.  VL    (Na  62.) 


Om 


t/a^DeipSm, 


[F^ll, 


Tuax  OL— 1 

i'VTXE  i 

cf  1^ 

Sea  il   niiTuaA'j-  1 

DlTT^    WW 

tlic  Wbbtiekk 

MAJKZix  <^  ^t  XcaxB  AnjunsT  Bass,  ift  mmoetiMJU 

ad  br  Serial  mnd  W  Bottom 

lScCXSOKi& 

frg*'.  SomizaaL 

BooTcs  i 

JL 

MCXUSC 

TCBEJK^ 

T«q«-  luBquf  Tiaxxpi-  Ttaa^^  Twpe   Tfiop-- 

^TatfmMWtt 

Sn&ce    Bottom 

Kep^  sKam. 

Xft_ 

t^fi^    Tfas^te-  T«mpe- 

Srr  XL 

SoicS.    SK.2L    Ssr.2A.    So:  at    Sec.  21.    Sts.ik. 

*^UL 

€.^            c 

c               c               c               r               :               c 

f,TtM                c                    o 

0     57-3 

«S-«     56-9     54-8     55-5     56*2     640 

1 

50 

55-2 

27 

54     55-6  -  48-3 

34 

75     G60     49-7 

] 

•                                                            1 

6 

90     54-0     50-0 

1 

35 

96     63-4     51-8 

100     ^$-5 

51-1 

8 

106     54-2  '  51-2 

24 

109     57-7  ^  46-5 

150  1     .. 

50-9 

7 

159     53-2  <  50-4 

1 

14 

,     173     53-2  ;  49*6 

1 

18 

183     53-2  i  49-4 

200     48-0 

50-5              1 

13 

>    208     53-6  !  49-6 

250  , 

50-2     48-5  '  48-0     485     483     505 

4 

251     53-5 

49-5 

300     47-8 

49-6                          i            1 

' 

350 

49-1               t            ;             ! 

1 

370     54-0 

490 

400 

47-5 

■                         « 

48-5                           , 

1 

450 

.. 

47-6 

i 

15 

422     52-2     470 

1 

45 

458     eO-7     48-1 

500 

45-8 

47-4     46-7 

46-7     46-9     47-5     478 

40 

517     63-4     47-7 

550 

46-4 

', 

eoo 

44-5 

45-5 

41 

584     63-4     46-5 

630 

43-4 

t 

• 

650 

44-3  . 

I            1 

700 

43-6  i 

12 

670     52-2  i  42-6 

3 

723     54-5  !  430 

36 

725     63-9 

43-9 

750 

42-5 

420 

41-2 

41-6 

42-4 

41-3 

1 

800 

420 

i      2 

808  !  541 

41-4 

862 

39-7 

• 

1 

i.    16 

816     53-0 

39*5 

900 

1    44 

865     61-2 

39-4  . 

1000 

•  • 

38-8 

38-5 

38*8 

38-5 

38-3 

1200 

!    43 

1207     61-7 

37-7 

1263 

•  • 

37-3 

28 

1215  ^  57-7 

37-1 

1250 

»  • 

•  • 

■  • 

37-7 

37-9 

37-7 

17 

1230  .  53*2 

37-8 

1300 

,   29 

1264  ;  56-9 

36-9 

1360 

•  • 

•  • 

37-4 

! 

1400 

: 

1443 

•  • 

•  • 

•  • 

370 

32 

1320  '  55-9 

87-4 

1450 

30 

1380     56-0     37-1 

1476 

•  • 

•  • 

•  •  • 

•• 

36-9 

1 

1500 

•  • 

•  • 

•  • 

..     1     ..        37-2 

1 

1750 

•  • 

•  • 

•  • 

•  • 

•  • 

36-7 

2090 

•  • 

•  • 

•  • 

•  • 

•  • 

36-3 

37 

2435 

65-6     36*5 

1 

1870.]     CapkUn  C.  W.  WOwn  on  the  Ordnance  Survey  of  Sinai.        83 

WEEKLY  EVENING  MEETING, 

Friday,  February  18,  1870. 

Sib  Henbt  Holland,  Bart.  M.D.  D.C.L.  F.RS.  President, 

in  the  Cliair. 

WiLLLiM   ElKGDON    CLIFFORD,   Esq.   B.A. 

On  Theories  of  the  Physical  Forces. 

[Abstract  deferred.] 


WEEKLY  EVENING  MEETING, 
Friday,  February  25,  1870. 

Sib  Hbnbt  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 

in  the  Chair. 

Captain  Chables  W.  Wilson,  B.E. 
On  the  Ordnance  Survey  of  Sinai. 

The  project  of  a  systematic  Survey  of  the  Peninsula  of  Mount  Sinai, 
with  special  reference  to  the  Mosaic  record  of  the  Exodus,  owes  its 
origin  to  the  Bey.  Pierce  Butler,  late  Bector  of  Ulcombe,  Kent,  who, 
vnfortnnately,  was  not  spared  to  assist  in  carrying  out  a  work  for 
which  he  was  so  eminently  qualified.  After  Mr.  Butler's  death  it  was 
idt  by  his  friends  and  others  whom  he  had  interested  in  the  scheme, 
ftftt  tiie  best  tribute  to  his  memory  would  be  the  prosecution  of  the 
work  which  he  had  so  much  at  heart,  and  for  this  purpose  a  fund  was 
niied,  of  which  Sir  Boderick  Murchison,  Bart.,  Sir  John  Herschel, 
But.,  and  Col.  Sir  Henry  James,  B.E.,  kindly  consented  to  become 
Trnstees.  The  sanction  of  the  Bight  Honourable  the  Secretary  of 
8lile  £oir  War  was  obtained,  and  the  Survey  was  carried  out  under  the 
direction  of  Col.  Sir  H.  James,  B.E.,  Director-G^eral  of  the  Ordnance 
8irfey. 

The  Expedition  consisted  of  Captains  Wilson  and  Palmer,  of  the 
Rqjal  Engineers ;  the  Bev.  F.  W.  Holland,  who  had  already  paid  three 
visits  to  the  Peninsula,  and  spent  many  months  wandering  over  it  on 
fot ;  Mr.  £.  H.  Palmer,  Fellow  of  St.  John's  College,  Cambridge,  a  gen- 
tlooan  well  known  for  his  extensive  knowledge  of  Eastern  hmguages ; 
Xr.  Wyatt,  who,  at  his  own  expense,  accompanied  the  party  as  Na- 
tinlist ;  and  four  non-commissioned  officers  of  the  Boyal  Engineers 
from  the  Ordnance  Survey, — one,  Sergt.-Major  McDonald,  an  expe- 
Qeaoed  Photographer,  who  had  previously  been  employed  on  the 
Oidnaooe  Survey  of  Jerusalem. 

o  2 


84  CafiamaW.WiUon  [Fob.  25, 

The  puty  were  instrocted  to  make  special  plans,  on  a  scale  of  six 
inches  to  tlie  mile,  of  Jebel  Mnsa  add  Jebel  Serbal,  the  two  mountains 
which  haTe  beca  most  often  identified  with  Monnt  Sinai,  and  to  make 
maps,  on  a  scale  of  two  inches  to  a  mile,  of  as  large  a  portion  of  the 
country  as  the  funds  would  allow.  Unfortunately  they  were  only 
sufficient  to  coyer  the  expense  of  surveying  the  western  half  of  the 
Peninsula,  embracing  all  possible  routes  by  which  the  Israelites  could 
have  travelled  on  tl^ir  march  from  Egypt  to  Sinai,  but  leavihg  the 
equally  interesting  question  of  the  route  which  they  took  after  leaving 
Mount  Sinai  unexamined. 

The  party  were  directed  in  addition  to  examine  the  numerous 
monastic  and  other  ronains  in  the  Peninsula,  to  collect  all  possible 
infbnnation  on  the  water  supply.  Meteorology,  Geology,  and  Natural 
History,  and  Mr.  Palmer  was  to  pay  special  attention  to  the  nomen- 
clature of  the  country,  the  Bedawin  traditions,  and  above  all  to  the 
celebrated  Sinaitic  inscriptions  and  ^yptian  monuments. 

The  Expedition  was  absent  from  England  seven  months,  of  which 
five  were  spent  at  work  in  the  Peninsula  with  the  following  results. 

Special  surveys  were  made,  on  a  scale  of  six  inches  to  the  mile,  of 
Jebels  Musa  and  Serbal,  and  the  plans  drawn. 

In  the  execution  of  these  surveys,  which  together  embraced  an  area 
of  30^  square  miles,  the  relative  positions  and  altitudes  of  68  trigono- 
metrical stations  were  determined  by  triangnlation  frt)m  two  base  lines. 

Some  idea  of  the  labour  and  difficulty  of  the  work  may  be  gathered 
from  the  fiu;t  that  of  the  fifty-five  stations  actually  observed  from,  a 
large  number  ranged  from  1800  to  4800  feet  above  the  camp  of  the 
surveying  party,  and  that  several  of  the  peaks  were  very  tough  pieces 
of  climbing,  so  much  so  that  the  instruments  had  in  some  cases  to  be 
pulled  up  over  the  ledges  by  a  rope.  Since  our  return  to  England  two 
models  have  been  constructed  from  the  surveys  and  the  rough  models 
made  on  the  ground,  and  these  show  more  clearly  than  any  description 
could  do  the  difierent  features  of  the  rival  mountains. 

During  the  survey,  on  a  smaller  scale,  of  the  western  portion  of 
the  Peninsula,  the  direction  of  the  true  meridian  was  determined  at 
six  difierent  places,  and  observations  for  time  and  latitude  were  made 
at  thirty-six  encampments,  including  eighty-three  sets  for  time  and 
201  for  latitude.  Observations  for  longitude  were  also  made  at  Jebel 
Musa.  In  this  section  the  relative  positions  and  altitudes  of  fifiynsix 
mountain  peaks,  ranging  to  8500  feet  in  height,  were  determined  by 
triangnlation,  and  referred  to  the  level  of  the  Red  Sea  by  a  series  of 
Barometrical  and  Hypsometrical  Observations.  Seven  hundred  inilee 
of  route  survey  were  mode,  laying  down  accurately  the  course  of  the 
principal  valleys,  and  giving  with  the  reconnaissance  a  survey  of 
about  4000  square  miles  of  country :  a  map  of  the  entire  Peninsula  is 
now  in  course  of  preparation,  which,  in  addition  to  the  work  of  the 
Expedition,  will  show  the  latest  discoveries  of  other  travellers. 

Before  entering  on  the  question  of  the  Exodus  and  the  route  fol- 
lowed by  the  children  of  Israel,  I  propose  giving  a  slight  sketch  of 
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Bas  Sufaafeh,  and  the  instrnctions  for  the  Tabernacle,  &a,  received  by 
Moses  during  bis  forty  days'  retirement,  to  have  been  given  on  Jebel 
Mnsa,  both  peaks  being  really  part  of  the  same  mountain.  No  one 
can  help  being  struck  by  the  seclusion  of  the  Er  Bahah  plain  in  the 
inmost  recesses  of  the  mountains,  and  the  grandeur  of  the  surrounding 
scenery ;  indeed  it  might  almost  seem,  like  the  remarkable  place  near 
Shechem  where  the  I^w  was  ratified,  to  have  been  specially  made  for 
the  use  which  was  afterwards  made  of  it. 

[C.  W.  W.] 


WEEKLY  EVENING  MEETING, 

Friday,  March  4, 1870. 

Sib  ELenby  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 

in  the  Chair. 

E.   J.   Bked,   Esq.   C.B. 

CHIXF  OOKVntUCTOS  OV  THK  KATT, 

On  Iron-dad  Skips. 

Oklt  eighty- three  years  ago  the  first  iron  vessel  of  which  we  have  any 

noord — a  canal  boat — was  built ;  it  is  but  fifty  years  since  the  first  iron 

Aip,  which  was  also  a  steamship,  was  constructed ;  and  but  thirty  years 

linoe  iron  sea-going  ships  came  into  extensive  use.     Only  sixteen 

yean  ago  the  first  armour-clad  vessels — floating  batteries — were  built 

for  service  during  the  Crimean  war ;  and  it  is  but  twelve  years  ago 

tbat  the  first  iron-clad  ship, '  La  Gloire,'  was  commenced.    Now,  every 

oeean  is  traversed  and  every  important  port  visited  by  iron  vessels ; 

tbe  largest  and  finest  merchant  ^ps  afloat  are  built  of  iron ;  a  very 

lirge  proportion  of  our  mercantile  marine  is  constructed  of  that 

Sttterial ;  and  the  three  great  naval  powers — England,  France,  and 

America — ^possess  together  over  a  hundred  and  fifty  iron-clad  ships  of 

tU  classes,  while  Bussia,  Prussia,  Austria,  Italy,  and  other  powers 

probably  have  altogether  as  many  more. 

When  the  question  of  protecting  ships  against  shot  and  shell  first 
ttine  to  be  discussed,  there  was  naturally  great  diversity  of  opinion 
M  to  the  best  means  to  be  employed.  All  classes  of  the  public — 
bdiiding  numerous  clergymen — put  forward  schemes  for  the  purpose, 
BUDy  of  which  were  extremely  singular.  Iron  armour  was  mostly  in 
^svoar,  but  the  methods  proposed  for  its  application  were  very  various. 
"Aidied,"  "angulated,"  "corrugated,"  "fluted,"  "articulated,"  and 
^  lioUowed "  armour  plating,  faced  and  backed  with  all  kinds  of 
nUerials — such  as  wood,  steel,  sand,  hides,  india-rubber,  wool,  cotton, 
ttooa-nut  fibre,  cork,  spiral  springs,  &c.,  &c. — was  strongly  recom- 
mended by  one  dass  of  inventors.    Ajiother  class  preferred  some  other 
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tionately  lighter  hulls.  As  an  example,  the  cases  of  the  early  iron- 
clad 'Defence'  and  the  recent  iron-clad  *  Invincible'  maybe  taken. 
They  are  of  nearly  equal  size ;  but  while  in  the  *  Defence'  the  hull 
weighs  3500  tons  and  carries  something  under  2500  tons,  in  the  '  In- 
vincible' a  hull  weighing  less  than  2700  tons  carries  more  than  3200 
tons.  What  is  saved  on  hull  can  obviously  be  put  into  armour,  and 
had  the  *  Defence'  been  built  on  the  improved  "bracket"  system,  she 
would  have  been  able  to  carry  twice  as  much  armour  as  she  actually 
does.  Structural  changes  of  this  kind,  combined  with  the  changes  pre- 
viously referred  to,  have  given  us  a  fleet  of  jwwerful  and  handy  ships, 
such  as  could  not  otherwise  have  been  obtained;  and  have  effected 
savings  in  expenditure  that  may  be  roundly  stated  at  100,000Z.  per 
ship  for  first-class  iron-clads. 

The  changes  recently  made  have  had  another  important  effect, 
which  as  yet  has  not  been  brought  into  prominence,  although  it  de- 
serves careful  attention — viz.  the  much  smaller  straining  forces  short 
ships  have  to  resist  on  accoimt  of  their  shortness  and  the  concentration 
of  their  weights.  Carefiil  calculations  show,  for  example,  that  for 
some  positions  afloat  the  '  Minotaur '  may  be  strained  three  times  as 
much  as  the  ^Bellerophon';  and  yet,  to  say  the  least,  the  shorter  ship  is 
as  strong  to  resist  these  strains  as  the  larger  one.  Taking  the  greater 
margin  of  strength  of  the  short  ship  into  account,  and  remembering 
the  rapidity  and  violence  of  the  changes  of  strain  in  ships  pitching  and 
tossing  at  sea — which,  as  it  were,  send  waves  of  strain  through  the 
structure — it  will  be  evident  that  the  shorter  type  is  likely  to  prove 
more  durable  than  the  longer,  in  addition  to  being  superior  in  other 
respects. 

A  consideration  which  has  justly  had  much  weight  in  the  recon- 
struction of  our  Navy,  has  been  the  necessity  for  giving  most  of  our 
iron-clads  sail-power,  in  addition  to  steam-power,  so  that  they  can 
keep  the  sea  and  cruise  for  considerable  periods.  This  has  also  had 
much  to  do  with  the  large  adoption  of  the  broadside  principle  in  our 
ships  as  it  is  better  adapted  to  full-rigged  ships  than  the  turret  prin- 
ciple, on  account  of  the  fact  that  the  horizontal  range  of  the  guns  is 
not  interfered  with  by  the  rigging,  while  the  fire  of  turret-guns  must 
be  to  some  extent.  In  addition,  the  general  requirements  of  a  sea- 
going ship  can  be  far  better  met  in  broadside  ships.  The  turret  prin- 
ciple may,  of  course,  be  carried  out  in  rigged  vessels,  and  has  been 
applied  to  the  *  Captain'  and  'Monarch'  with  much  success;  but  it  is, 
in  our  opinion,  much  better  suited  to  ships  without  masts  or  sails — 
such  as  our  recent  monitors — where  the  turret-guns  have  an  all-round 
fire.  These  monitors  are  not  cruising  ships ;  but  they  have  extremely 
large  coal  supplies,  and,  on  an  emergency,  can  proceed  to  the  Mediter- 
ranean or  cross  the  Atlantic.  Wherever  they  go  they  will  be  free  to 
fight  without  the  encumbrance  of  masts  or  spars,  and  without  the  many 
risks  in  battle  which  rigging  entails.  Proposals  to  equip  monitors  of 
the  American  pattern — which  is  entirely  different  from  our  breast- 
work system — as  sailing  vessels  have  been  made  more  than  once ;  bat 
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ihej  haye  not  been  adopted  because  snffieient  provisions  for  stores, 
equipment,  accommodation,  &c.,  have  not  been  made,  and  (which  is  far 
more  serions)  because  such  vessels  would  run  a  great  risk  of  upsetting 
when  under  canvas,  on  account  of  their  deficient  stability  in  inclined 
positions.     Careful  calculations  have  shown  this  to  be  the  fact. 

Iron-clad  ships  are  very  generally  believed  to  be  heavier  rollers 
than  unarmoured  ships,  bemuse  of  the  loads  they  carry  on  their  top 
sides.  Facts,  however,  prove  them  to  be  steadier  than  wood  line-of- 
battle  ships,  and  show  that  raising  the  weights  on  board  tends  to  make 
ships  roll  less.  The  iron-clad  two-deckers,  *  Magenta '  and  *  Solferino,' 
are  the  steadiest  French  iron-clads.  In  designing  some  recent  ships 
at  the  Admiralty,  special  care  has  actually  been  taken  to  raise  weights 
in  order  to  make  the  vessels  steadier;  modifications  in  the  form  may 
also  bo  made  to  conduce  to  this  result. 

The  burdens  of  armour  carried  by  our  ships  are,  of  course,  large ; 
and  though  our  iron-clads  are  called  frigates,  they  are  really  heavier 
and  larger  than  our  largest  three-deckers  were.  As  experience  has 
been  gained  and  improvements  have  been  made,  we  have  gradually 
advanced  in  the  proportion  borne  by  the  weight  of  armour  to  the  total 
weight  of  the  vessel.  In  the  *  Warrior '  the  armour  weighs  less  than 
one-ninth  the  total  weight ;  in  the  '  Bellerophon '  it  slightly  exceeds 
one-seventh ;  in  the  *  Hercules '  it  exceeds  one-sixth ;  and  in  the 
monitor  *  Thunderer '  it  considerably  exceeds  one-fourth.  In  &ct,  the 
•Warrior,'  with  a  total  weight  of  about  9100  tons,  carries  only  975 
tons  of  armour ;  while  the  '  Thunderer,'  on  a  rather  less  displacement, 
carries  2370  tons  of  armour  on  sides,  turrets,  and  decks.  The  monitor, 
as  was  said  above,  has  no  masts  or  sails,  and  is  of  only  moderate 
speed  as  compared  with  the  *  Warrior,'  both  of  which  causes  help  to 
increase  the  proportionate  weight  of  armour. 

The   limit   of  thickness  in   armour  has  not  yet  been  reached. 

Beginning  with  4J-inch  plates,  we  have  in  ten  years  reached  14-inch, 

tod  may  go  on  to  20-inch,  or  even   24-inch   plates — by  means  of 

improved  arrangements  not  yet  divulged — without  making  iron-clads 

of  extravagant  sizes.     In  fa^ct  the  dimensions  required  for  ships  to 

carry  the  TnarimnTn  thickness  mentioned,  need  not  exceed  those  of 

skips  we  actually  possess.     At  present  our  strongest  ships  are  im- 

pr^nable  to  the  heaviest  guns,  and  as  we  can,  when  necessary,  about 

^ble  the  thickness  of  their  armour,  it  becomes  very  doubtful  whether 

gons  will  soon  be  produced  capable  of  beating  the  armour  out  of  the 

^d.    It  is  much  more  probable  that  ramming  and  other  modes  of 

i^ttack  will  take  the  place  of  artillery. 

fE.  J.  R] 
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.    GENEEAL  MONTHLY  MEETING, 

Monday,  March  7, 1870. 

Colonel  Philip  J.  Tobee,  F  Jt.S.  in  the  Ohair. 


H.B.n.  The  Prince  Fbedebiok  Christian  of  SchleBwig-Holstein, 
was  elected  an  Honorary  Member. 


Wm.  Henry  Barlow,  Esq.  F.R.S. 
Arthnr  John  Booth,  Esq. 
Francis  W.  Buxton,  Esq. 
Joseph  T.  Clover,  Esq.  F.R.C.S. 
Bey.  John  Congreve,  "NLA, 
George  Howard  Darwin,  Esq. 
Francis  Galton,  Esq.  F.B.S.  F.G.S. 
The    Lord    Bonald    Sutherland^ 

Leveson  Gower,  M.P. 
Bobert  Grubb,  Esq. 
John  Gumey,  Esq. 
John  O.  Halloran,  Esq. 
Henry  Hoare,  Esq. 
James  Houldsworth,  Esq. 
Lieut. -Colonel  Gordon  Ives. 
Thomas  Jacomb,  Esq. 
Edmund  C.  Johnson,  Esq. 
Sir  John  J.  Trevor  Lawrence,  Bt. 


Frank  McClean,  Esq.  MA. 

Hervey  Pechell,  Esq. 

Frederick  Pennington,  Esq. 

Greorge  Phillips,  Esq. 

Marlborough  Bobert  Pryor,  Esq. 

John  Bae,  M.D. 

Bev.  David  Mede  Salter,  MA. 

Albert  George  Sandeman,  Esq. 

George  Stone,  Esq. 

Algernon  A.  De  Lille  Strickland, 

Esq. 
Charles  Bosworth  Thurston,  Esq. 

F.S.A. 
The  Hon.  John  Gage  Prendergast 

Vereker. 
Mrs.  Michael  Wills. 
Henry  Woods,  Esq.  M.P. 


were  elected  Members  of  the  Boyal  Listitution. 

The  special  thanks  of  the  Members  were  returned  for  the  following 
additions  to  *'  the  Donation  Fund  for  the  Promotion  of  Experimental 
Besearches*': — 

Arthur  Giles  Puller,  Esq.  (ie^  JDono^um)  ..     £21    0    0 

The  Pbisxnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

Actuaries^  Inditute  o/— Journal,  No.  78.    8vo.    1870. 

Agricultural  Society  of  England^  Royal-^owmal,  Second  Series,  No.  11.  8yo.  1870. 

Agiatie  Society,  J^oyo^-Joumal,  New  Series,  Vol.  lY.  Part  2.    8yo.    1870. 
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AMkAie  Soddy  of  Btfiioal— Jounial,  No.  157.    8vo. 

JjCronomMxiZ  Socidy,  ^oyal— Monthly  Kotioes,  Vol.  XX.  Ko.  8.  8vo.  1870. 
BritiMh  ArchitedM,  Royal  Indihde  o/— Sesdoiial  Papery  1869-70,  No.  6.  4to. 
BritUk  Mu»e>tm  Tnuiem — Oatalogue  of  Diomal  Lepidoptera  described  by  Fabri- 

dos.    8to.    1869. 
Chfgimeai  Socufy-^onrnal  for  Feb.  1870.    8to. 
£tfftlorf— Academy  for  Feb.  1870.    4to. 

American  Joornal  of  Science  for  Jan.  1870.    8to. 

Artizan  for  Feb.  1870.    4to. 

Atbensnm  for  Feb  1870.    4to. 

Chemical  News  for  Feb.  1870.     4ta 

Engineer  for  Feb.  1870.    foL 

Horolocical  Journal  for  Feb.  1870.    8vo. 

Joamal  of  Gas-Lighting  for  Feb.  1870.    4to. 

Mechanics*  Magazine  for  FeU  1870.    8va 

Nature  for  Feb.  1870.    4to. 

Pharmaoentical  Journal  for  Feb.  1870.    8vo. 

Photographic  News  for  Feb.  1870.    4to. 

Practical  Mechanics'  Journal  for  Feb.  1870.    4to. 

Bevae  des  Conrs  Scientifiques  et  Litt^raires.    Feb.  1870.    4to. 

Sdeotific  Opinion.    Feb.  1870.    4to. 
Framklm  JnsftYuto-^oumal,  Noe.  527,  528.    8to.    1869. 
Oeclogieal  IntUtuU,  Imperial,  FMiina-^ahrbuch,  1869.    No.  3.    8yo. 
Geological  8t>ctety— Quarterly  Journal,  No.  101.    8yo.    1869. 
Gliditone,  John  HaU,  Esq.  PkO.  F,RJS,  MM  J,  {the  ^tiMor)— Papers  on  Phoq>horufl 

Compounds.    8to. 
HudderwfiM  ArehmoLoaical  Auociaiion — ^Torkshire  ArchtBologioal  and  Tcpognr 

phio&l  JonmaL    Parts  I.  II.    8to.    lS|j69. 
Meieorologieal  Society— Fioce^inpfi,  No.  46.    8yo.    1870. 

Payne,  J.  Bertrand,  Etq.  Mjb.L  {the  £dttor>-Haydn'8  Uniyersal  Index  of  Bio- 
graphy.   8yo.    1870.    • 
PkatSgraphie  Society— Jovanal,  No.  214.    8ya    1870. 

Premmieeke  Akademie  der  Wistenehaflen — ^Monatsberichte,  Dec.    1869.    870. 
Baddife  Tnutees,  Oxford— Second  Baddiffe  Catalogue  of  Stars.    8ya     1870. 
Bayul  Soa'ety  of  EdifAurgh^Tnna&cikmB,    Vol.  XXV.  Part  2.    4to.    186^9. 

Proct-edingi.    Noe.  77, 78, 79.    8?o.    1868-9. 
Bayal  iSoddy  of  London— Proceedings,  No.  lia    8ya    1870. 
Sfman»y  G.  J,  Eeq.  {the  Atdhor)--ijmouB'  Monthly  Meteorological  Magazine, 

Feb.  1870.    »vo. 
Cuiied  Service  IndiUdion,  Royal— Joumal,  No.  56.    8yo.    1869. 
ViynOei,  Charter  B.  Eta.  F.RJ8.  (the  Ju^or)— Address  as  President  of  the  Insti- 
tutkm  of  Civil  Engineers.    8yo.    1870. 

Becherches   sur 
8yo.    1870. 


ffeckniako/,    Theodore,   Eeq.  {the   Author) — Introduction    aux  '. 
I'Eoooomie  des  Trayaux  Scientifiques  et  Esthe'tiques.    (K  97) 
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WEEBXY  EVENING  MEETING, 

Friday,  March  11, 1870. 

Geosge  Busk,  Esq.  FJEt.S.  Vice-President,  in  the  Chair. 

BiOHABD  Westmaoott,  Esq.  RA.  F.ILS. 

A  Chapter  on  Art. 

Though  selecting  Art  as  the  subject  for  consideration  this  evening, 
our  remarks  will  not  be  directed  to  any  special  branch  of  practice. 
The  purpose  is  to  inquire,  generally,  into  the  condition  and  prospects 
of  art  among  us  at  the  present  time.  First,  as  to  the  interest  felt  in 
art  by  the  public ;  secondly,  on  the  capacity  of  the  people  to  appre- 
ciate it ;  thirdly,  on  the  opportunities  for  the  people  seeing  works  of 
art ;  and  fourthly,  whether  these  are  of  a  kind  to  act  beneficially,  in 
an  educational  point  of  view,  in  elevating  and  improving  the  public 
taste.  The  term  may  also  legitimately  include  the  drama,  as  an  art 
whose  purpose  is  to  address  the  intelligence  and  feelings  through  the 
sense. 

The  wide-spread  exhibitions  of  paintings,  not  only  in  London,  but 
all  over  the  country,  season  after  season,  and  the  crowding  of  the 
public  to  visit  them,  afford  suf&cient  evidenqgkof  the  general  interest 
felt  in  fine  art.  So,  in  another  class  of  pumic  entertainment.  It  is 
said  that  the  same  success  attends  the  theatres,  especially  of  the 
smaller  class,  which  are  nightly  filled — the  advertisements  tell  us — to 
overflowing.  The  capacity  of  the  public  to  appreciate  what  is  good, 
the  character  of  the  art  provided,  and  its  influence  on  public  education, 
become  then  questions  of  some  importance. 

The  art  produced  by  any  nation  will  be  the  expression  or  reflexion 
of  the  feeling  of  the  people  and  of  the  age.  The  producers,  or  artists, 
being  of  the  people,  and  living  by  the  people,  will,  of  course,  supply 
the  kind  of  art  likely  to  be  generally  understood  and  patronized. 
Any  even  slight  superiority  in  feeling  may  give  rise  to  insulated  ex- 
amples of  a  higher  class,  but  the  exceptional  genius  or  talent  that 
produces  this  and  the  rare  refinement  able  to  appreciate  it  do  not 
affect  the  main  proposition.  In  like  manner  where  the  general  national 
tone  of  art-feeling  may  be  very  low,  there  may  be  fiie  imitation  of 
better  things.  Sculpture  may  copy  ancient  statues,  and  illustrate 
obsolete  Greek  subjects,  with  which  no  one  sympathizes ;  architecture 
may  reproduce,  to  satiety,  Grecian  or  Boman,  or  Italian,  or  Byzantine, 
or  Gothic  buildings ;  and  painting  supply  imitations  of  me^aeval,  or 
what  is  called,  not  very  intelligibly,  pre-Raffaelite,  art.  But  all  this 
is  quite  distinct  from  a  truthful  national  expression.  Indeed,  it  rather 
proves  the  poverty  of  national  or  original  art-feeling. 

Any  real  value  art  may  have  must  depend  on  its  quality.  This, 
in  fine  art,  will  be  shown  in  its  sentiment  and  intention,  the  character 
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WEEKLY  EVENING  MEETING, 

Friday,  March  18,  1870. 

Sib  Henbt  Holland,  Bart.  M.D.  D.O.L.  FJS.S.  President, 

in  the  Chair. 

John  Fbedebio  Bateman,  Esq.  F.B.S.  C.E.  M.B.I. 

On  the  Subway  to  France, 

The  advantages  which  a  Bail  way  communication  between  England  and 
France  would  ensure  to  Western  Europe,  are  great  beyond  all  poesi- 
biHty  of  estimate.  Thirty  years  ago  any  proposition  with  a  view  to 
accomplish  this  object  would  have  been  looked  upon  as  wholly  Utopian. 
But  we  are  living  in  an  age  of  invention  and  progress  which  within 
one  century  has  had  most  beneficial  effects  upon  our  race,  having  not 
only  greatly  increased  the  welfare  and  comfort  of  millions  of  our  fellow- 
creatures,  but  also  equally  widened  the  field  of  inquiry.  New  dis- 
coveries have  rapidly  followed  one  another,  enlarging  our  knowledge 
and  extending  our  conceptions,  all  tending  to  elevate  the  mind  of  man, 
and  to  raise  the  standard  of  bis  moral  and  intellectual  being.  It  is  . 
just  one  hundred  years  since  Watt  invented  the  steam-engine — an 
invention  which  has  done  more  than  any  other  to  promote  the  com- 
mercial prosperity  of  all  countries,  and  to  develop  their  resources.  It 
is  only  forty  years  ago  that  the  Manchester  and  Liverpool  Bailwaj 
was  opened,  and  since  then  every  civilized  country  has  been  covered 
by  a  network  of  iron  ways ;  it  is  not  more  than  sixty  years  since  the 
first  cast-iron  pipes  were  used  for  conveying  water;  fifty  years  back 
none  of  our  cities  had  the  inestimable  advantage  of  gas-light ;  it  is  bnt 
thirty  years  since  the  first  steamer  crossed  the  Atlantic,  and  in  less 
than  thirty  years  our  globe  has  been  girdled  with  a  band  of  lightning, 
which  unites  its  most  distant  parts  with  inconceivable  velocity,  anni- 
hilating space,  and  flashing  from  one  end  to  the  other  the  thoughts  and 
ideas  of  men, — defjring  even  the  speed  of  time. 

Looking  at  these  facts,  the  speaker  expressed  a  hope  that  he  would 
not  be  considered  a  visionary  schemer  in  proposing  to  cross  the  English 
Channel  by  a  Bail  way.  The  proposition  itself  is  not  a  new  one.  There 
are  some  who  propose  to  construct  a  bridge  for  carrying  a  Bailway ; 
others,  to  drive  a  tunnel  through  the  rocky  bed  of  the  Channel ;  and, 
again,  others  who  propose  to  tink  covered  subways — all  with  a  view  to 
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entering.  This  water-tight  joint  will  be  similar  to  that  so  exten- 
sively used  for  hydraulic  presses.  In  the  exterior  rib  of  the  tube» 
closely  fitting  the  inner  surface  of  the  chamber,  a  groove  will  be  cut 
all  round,  about  1  inch  deep  and  1^  inch  wide.  Into  this  groove  a 
leather  or  india-rubber  collar  will  be  placed,  so  adjusted  that  the 
greater  the  pressure  the  tighter  the  joint. 

These  points  will  be  the  only  points  of  contact,  and  over  them  the 
bell  or  chamber  will  slide  like  a  telescopic  tube.  Four  of  these  joints 
will  always  be  in  the  bell,  so  that  a  slight  imperfection  in  the  water- 
tightness  of  one  may  be  corrected  by  another. 

The  dimensions  of  the  chamber,  which  will  be  permanently  closed 
in  front  by  a  cover,  will  be  about  80  feet  long,  18  feet  diameter  clear 
inside,  and  8  inches  thick ;  it  will  be  bored  out  for  about  50  feet  to  a 
true  cylindrical  surface,  namely,  for  a  distance  within  which  it  is  in 
contact  yviih.  and  will  slide  over  the  external  ribs  of  the  tube,  which 
will  also  be  fiiced  and  turned  for  the  purpose  of  securing  accuracy  of 
fitting. 

In  the  foremost  part  of  the  chamber,  or  bell,  will  be  placed 
powerful  hydraulic  machinery,  receiving  the  water  firom  accumulators 
on  shore,  upon  Sir  W.  Armstrong's  system.  By  the  aid  of  this 
machinery  the  tube  will  be  put  together  from  inside  the  bell,  and  as 
the  tube  lengthens  by  the  addition  of  another  ring,  the  bell  will  be 
pushed  forward  by  hydraulic  presses  for  about  10  feet,  to  make  room 
for  the  construction  of  the  next  following  ring — always  using  the 
completed  portion  of  the  tube  as  a  fulcrum  for  moving  forward  the 
bell,  which  in  the  deepest  part  of  the  Channel  will  meet  with  a  hydro- 
static resistance  of  about  1500  tons.  The  power  of  the  hydraulic 
presses  will  be  over  4000  tons,  of  which  the  balance  of  2500  will  be 
available  to  overcome  any  resistance  with  which  the  bell  in  its  onward 
motion  mav  meet  on  the  bottom  of  the  Channel. 

The  displacement  of  water  by  the  beU  and  by  the  tube  will  be 
nearly  the  same  as  their  respective  weights — weight  being  kept  slightlj 
in  excess  of  displacement — so  that  the  tube  and  the  beU  will  wei^ 
but  very  little  under  water. 

In  the  annular  space  between  the  exterior  tubular  ribs  of  the  tabe 
and  the  inner  surffiee  of  the  beU,  the  head  of  a  screw  pile  may  be 
introduced,  or  several  of  them,  as  may  be  required.  These  piles  may 
be  attached  to  any  ring  on  the  line  of  the  tube.  The  shaft  of  the  pile 
vrill  pass  through  a  stuffing-box  in  the  ring,  like  the  rod  of  a  pirton 
in  a  steam-oylindor.  On  the  avi^rage  every  third  ring  will  receive  one 
vertical  pile,  and  every  sixth  two  piles  30^'  inclined.  As  soon  as  the 
beU  in  its  luiwaid  motiiui  has  passed  over  the  rings  in  which  the 
screws  of  the  piles  were  introduced,  and  the  shafts  have  been  attached, 
the  piles  vnll  be  driven  or  screwed  into  the  ground  until  a  firm  hold 
or  footing  is  obtained.  By  these  means  the  tube  wiU  be  pomane&ily 
tied  and  powerfully  held  to  tht«  bolli.>m  i>f  the  ChanneL  whidi  nothing 
afterwards  could  alter  i>r  dislurK 

The  ordinary  ciuistmction  of  nn^  will  k»ep  the  tube  in  a  rtni^t 


116  Br.  BoOeston  [March  25, 

Bhonld  be  placed  in  the  right  hands,  and  it  should  be  nnder  absolute 
controL  The  chief  merit  of  the  scheme,  if  any,  might  be  the  circmn- 
stance  that  no  part  of  it  depended  on  '*  ifs,*'  and  that  the  whole  of  the 
scheme  is  as  much  nnder  control  as  ordinary  mechanical  operations. 
The  cost  could  be  estimated  with  a  great  degree  of  certainty,  which 
could  scarcely  be  claimed  in  respect  of  any  other  proposaL  It  would 
consist  nearly  wholly  of  cast  iron  and  machinery  on  shore,  the  only 
uncertain  item  being  the  cost  of  putting  the  tube  together  under  water. 
There  seemed  to  be  no  doubt  that  the  bottom  of  the  Channel  consists 
of  good  hard  ground,  as  indicated  on  the  Admiralty  Charts ;  but  he  had 
recently  applied  to  the  Admiralty  for  a  more  minute  and  detailed  survey 
of  part  of  tiie  English  Channel,  and  he  had  reason  to  hope  his  request 
would  be  granted. 

[Numerous  diagrams  were  exhibited,  illustrating  the  principal  parts 
of  the  scheme  and  its  more  important  details.] 

[J.F.  B. 


WEEKLY  EVENING  MEETING, 
Friday,  March  26,  1870. 

John  Peter  Gassiot,  Esq.  F.E.S.  Vice-President,  in  the  Chair. 

Geobob  Rolleston,  Esq.  M.D.  F.B.S. 

On  the  Character  and  Influence  of  the  Anglo-Saaon  Conquest  of  England, 

as  iUustrated  by  ArehcBological  Besearch. 

There  are  numerous  points  of  general  and  living  interest  relating  to 
the  Anglo-Saxon  conquest  of  this  country  which  are  very  largely  depen- 
dent upon  archsBological  research  for  their  elucidation.  Amongst 
these  may  be  mentioned  the  question  of  the  extent  to  which  the 
Romano-British  population  previously  in  occupation  was  extirpated ; 
the  question  of  the  relative  position,  in  the  scale  of  civilization,  held 
by  victors  and  vanquished ;  and  the  question  of  the  extent  of  our  in- 
debtedness as  to  language  and  laws  to  one  or  other  of  the  two  nation- 
alities. Light  is  thrown  even  upon  points  apparently  of  the  most 
purely  archasological  character  from  such  literary  sources  as  histories 
of  the  nomenclature  of  localities ;  as  the  records  of  monasteries ;  as 
illustrations  in  manuscripts;  and  as  laws.  But  the  graves  of  the 
Anglo-Saxons  and  their  contents  have  been  for  the  present  inves- 
tigator the  primary,  and  such  literary  works  as  those  ^uded  to,  and 
such  as  many  of  those  published  under  the  direction  of  the  Master  of  the 
Bolls  and  by  the  Early  English  Society,  have  been  only  a  secondary 
source  of  information.  They  have,  however,  been  by  no  means  neg- 
lected by  him. 
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tion ;  to  thus  oyerron  it,  this  population  must  have  been  (relatively  at 
least)  numerous :  add  to  the  two  conditions  of  heathendom  and  multi- 
tude, which  may  be  considered  as  proved,  the  third  condition  of  iso- 
lation which  may  be  considered  as  matter  for  dispute ;  and  then  the 
fourth  of  this  heathendom  and  isolation  lasting  from  the  time  of 
Hengist  to  that  of  Augustine;  and  the  present  fact  of  our  language 
being  what  it  is  is  explained.. 

For  proving  anything  as  to  the  period  of  which  I  have  been  speak- 
ing, a  period  which  is  rendered  Pre-historic,  not  so  much  by  conditions 
of  time  as  by  conditions  of  space,  the  absence  of  contemporary  his- 
torians having  been  entailed  by  geographical  and  political  isolation, 
arguments  of  two  kinds,  literary  argimients  and  natural  history  argu- 
ments, must  be  employed.  Neither  the  one  kind  nor  the  other  is 
sufficient  by  itself.  The  empires  of  the  natural  sciences  and  of 
literature  touch  at  many  isolated  points,  and  here  and  there  they  lie 
alongside  of  each  other  along  lengthy  boundary  lines.  But  empires 
need  not  be  hostile  though  they  be  conterminous ;  and  that  the  empires 
of  which  we  have  just  spoken  may  bo  united  happily  and  in  a  most 
efficient  alliance  for  work  in  common,  may  bo  seen  from  the  title  page 
of  that  most  excellent  German  periodical,  the  'Archiv  fur  Anthro- 
pologie,'  where  we  have  the  name  of  the  Physiologist  Ecker  coupled 
in  editorship  with  that  of  the  Antiquarian  Lindenschmit.  The 
necessity  for  a  combination  of  the  two  lines  of  evidence  and  argument 
is  as  obvious  when  we  have  to  controvert,  as  when  we  have  to  establish 
a  conclusion.  If  you  have  to  attack  or  resist  a  force  comprising  both 
cavalry  and  infantry,  you  must  have  both  cavalry  and  infantry  of  your 
own ;  otherwise  some  day  or  other,  either  in  a  country  intersected 
with  woods,  or  in  some  open  plain  furrowed  into  deep  undulations,  one 
of  the  two  arms  in  which  you  are  deficient  will  take  you  in  one  or 
both  flanks,  and  you  will  be  surprised,  broken,  and  routed. 

[G.  R.] 
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WEEKLY  EVENING  MEETING, 

Friday,  April  1, 1870. 

Si8  Hbnby  HoLLAiiD,  Bart.  M.D.  D.CX.  F.RS,  Presideiit, 

in  the  Ohair. 

Pbofessob  H«  E.  Bosgob,  F.B.S. 

OWXHB  OOLLBOB,  1IAK0BX8TBR, 

On  the  Artificial  Production  of  AXimrine^  the  Cchuring  Principle 

of  Madder, 

The  speaker  stated  that  he  had  to  bring  before  the  notice  of  his  au- 
dience a  discovery  in  organic  chemistry  which,  whether  we  regard  its 
scientific  interest  or  its  practical  and  commercial  yalne,  is  of  the 
highest  importance,  and  marks  an  era  in  the  history  of  the  applica- 
tion of  chemistry  to  the  arts  and  manufactures  even  of  greater  im- 
portance than  the  memorable  discovery  made  by  Mr.  Perlon  in  1856 
of  the  production  of  aniline-violet,  or  mauve. 

Since  the  above-named  year  great  progress  has  been  made  in  the 
theoretical  investigation  of  natural  and  artificial  colouring  matters 
as  well  as  in  their  preparation  on  a  large  scale.  The  chemistry  of 
colouring  matters  has  now  taken  a  high  and  important  position,  and 
chemists  instead,  as  formerly  was  their  wont,  of  getting  rid  of  all 
colouring  matters  as  something  foreign  to  their  objects  of  investi- 
gation, have,  since  Mr.  Perkin's  discovery,  found  out  that  the  exami- 
nation of  colouring  matters  may  not  only  lead  to  scientific  laurels, 
but  may  sometimes  yield  fruit  of  another  and  not  less  acceptable 
kind. 

We  owe  to  the  brains  and  hands  of  two  German  chemists,  Messrs. 
Graebe  and  Liebermann,  this  remarkable  discovery,  which  differs  from 
all  the  former  results  which  have  been  brought  about  by  the  appli- 
cation of  science  to  the  chemistry  of  colouring  matters,  inasmuch  as 
this  has  reference  to  the  artificial  production  of  a  natural  vegetable 
colouring  substance  which  has  been  used  as  a  dye  from  time  imme- 
morial, and  is  still  employed  in  enormous  quantities  for  the  produc- 
tion of  the  pink,  purple,  and  black  colours'  which  are  seen  every- 
where on  printed  calicoes,  viz.  Alizarine,  the  colouring  principle  of 
Madder. 

It  is  from  the  liquid  tarry  products  of  the  destructive  distillAtioii 
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of  ooal,  a  rich  aoaroe  of  interest  to  chemists,  that  we  now  derive  this 
new  oolonring  matter. 

The  following  Table  contains  the  results  of  experiments  made  on 
the  large  scale,  indicating  the  Yarious  yields  of  tar  from  different 
qualities  of  coal  distilled  in  the  gasworks  of  yarions  towns : — 

Dmbthuoi'ivj  Distillation  or  Coal. 

100  tons  of  OaiiDel  and  Bitmnmoiis  Goal  distilled  to  yield  10,000  oabio  feet  of  gaa 
of  qpec.  gimy.  0*6,  yield  the  follofwing  prodnots : — 


Gm. 


1 
2 
3 

4 
5 


22-25 

2001 

20-40 

21-7 

16-3 


Tar. 


Ammaoia 
Water. 


8-50 
7-85 
6-4 
7-5 
10-7 


9-50 

7-14 

5-4 

5-8 

8-0 


Ooke. 


59-75 

65-00 

67-85 

650 

650 


A  yerage  of  many  ezperimeiitB. 

Manchester. 

Dukinfield. 

Macclesfield. 

Salfoid. 


From  a  carefdl  series  of  experiments  made  by  a  large  tar  distiller, 
the  following  numbers  are  deriyed,  showing  the  ayerage  composition 
of  gas  tar: — 

100  tons  of  Tar  on  distiUation  yield : — 


2 


Naphtha. 


light  Oils 

andOtfboUc 

AcfcL 


BmrjOOs, 

Naphthalene, 

Anthzaoane. 


3-0 
3-0 


1-5 

0-8 


35*0 
25-0 


Pitch. 

Water.  Oaa* 
aadLoaa. 

50-0 
600 

10-5 
12-2 

It  is  from  Benzol,  C^  H«,  discoyered  by  Faraday  in  1825,  that  the 
aniline  oolonrs  are  all  of  them  prepared.  The  cdour-prodncing 
power  of  the  coal  products  are,  howeyer,  yet  fiur  from  being  exhausted. 
It  is  by  means  of  another  and  hitherto  comparatiyely  unknown 
hydro-carbon,  AfUhracene,  Cu  H|o,  that  the  newest  triumphs  of  the 
dmnist  haye  been  won.  This  is  a  substance  which  in  the  pure  state 
§Bw  chemists  (eyen  yet)  haye  seen,  and  upon  which  only  two  or  three 
had  preyiously  experimented,  and  yet  by  one  happy  discoyery — and  by 
an  inyestigation  which  more  than  almost  any  other  exhibits  the  yalue 
of  the  synthetic  power  of  modem  research — this  unknown  body  has 
been  made  to  yield  a  colouring  matter  of  the  greatest  possible  yalue. 
The  troth  of  tiiis  will  at  once  be  eyident  when  we  learn  that  the  total 
growth  of  madder  is  estimated  to  reach  47,500  tons  per  annum,  worth 
451.  per  ton,  and  haying,  therefore,  a  yalue  of  2,150,000/.  Of  this 
nearly  one-half  is  used  in  the  United  Kingdom,  so  that  no  less  a 
than  lyOOO^OOOL  is  now  paid  l»y  us  for  madder  grown  in  foreign 
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Graebo  oame  to  the  conclusion  that  alizarine  belongs  to  the  Quinone 
series ;  and,  availing  themselves  of  Baeyer's  reaction,  by  which  Phenol 
can  be  converted  into  its  hydrocarbon  Benzol,  Graebe  and  Liebermann 
passed  the  vaponr  of  natural  alizarine  obtained  from  madder  over 
heated  zinc-dust,  and  found  that  the  hydrocarbon  they  formed  was 
identical  in  all  its  properties  with  Antluncene  C14  Hio  from  coal  tar. 
Hence  they  confirmed  Schunck's  conclusions  that  the  molecule  of  ali- 
zarine contains  fourteen  atoms  of  carbon.  E[aving  thus  got  hold  of 
the  backbone,  as  it  were,  of  the  compound,  it  only  remained  for  them 
to  clothe  the  hydrocarbon  with  the  four  additional  atoms  of  oxygen 
and  to  take  off  tike  two  atoms  of  hydrogen  in  excess,  in  order  to  obtain 
alizarine. 

Laurent  and  also  Anderson  had,  many  years  ago,  obtained  a  body 
of  the  composition  Cu  Hg  0],  and  Graebe  recognized  this  as  the  Quinone 
of  Anthracene ;  and  he  now  only  required  to  replace  in  this  two  atoms 
of  hydrogen  by  two  of  hydroxyl  (O  H),  in  order  to  obtain  alizarine, 
whidi  clearly  appeared  to  be  a  quinone  acid — 

(O," 
Ou  Hio  Ou  Ha  (O"),  Cu  He    O  H 

I  OH 
Anthraoeoe.  Anthraqoinone.  Alizarine. 

This  replacement  of  hydroxyl  can  be  effected  by  Bromine,  by  which 
Bibromanthraquinone  C^  H,  Br,  O9  is  formed,  and  this,  on  fusion  with 
caustic  potash,  gives  potassium  alizarate,  yielding  pure  alizarine  on 
treatment  with  hydrochloric  acid.  The  high  price  of  bromine  ren- 
dered this  process  unavailable  for  manufacturing  purposes,  and  hence 
another  plan  was  simultaneously  proposed  by  several  chemists  for 
effecting  the  same  end  in  a  cheaper  mode.  Use  was  hereby  made  of 
Eekule's  and  Wurtz's  reaction  in  the  formation  of  sulpho-benzolic 
acid.    On  treating  Anthraquinone  with  strong  sulphuric  acid  to  a 

c  go  H 
high  temperature,  the  di-sulpho  acid  C^  H^  Ot  <  o.Q-a  ^  formed,  and 

this,  on  heating  with  concentrated  solution  of  potash,  yields  the  sulphite 
and  alizarate  of  potassium ;  from  the  latter  substance  pure  alizarine  is 
obtained  by  the  action  of  acids. 

In  the  following  Table  we  have  a  statement  of  the  synthetic  pro- 
duction of  alizarine  frt)m  its  constituent  elements : — 

Synthesis  of  At.tzartne. 

1.  Acetylene  by  direct  union  of  Carbon  and  Hydrogen  in  Electric  Arc. 

C,  +  H,  =  0,  H,  (Berthelot,  1862.) 

2.  Benzol  (Tri-acetylene)  from  Acetylene  by  Heat. 

3  0,  H,  =  Ce  He  (Berthelot,  1866.) 

8.  Anthracene  from  Benzol  and  Ethylene. 

2  0«  Hj  +  Oj  H,  =  C,4  H,o  +  3  H,  (Berthelot,  1866.) 

4.  Alizarine  from  Anthracene.    (Process  No.  1.) 

(Graebe  and  Liebermann,  1869.) 
(A)  Ozyanthraoene  or  Anthraquinone  by  Nitric  Acid. 

Cu  He  (O  H),  (Anderson,  1861.) 
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GENERAL  MONTHLY  MEETING, 

Monday,  April  4, 1870. 

Sir  Hknbt  Holland,  Bart  MJ).  D.C JL  F.BJ3.  President, 

in  the  Chair. 


Fredk.  Braby,  Esq.  F.G.S.  F.C.S.  John  Fowler,  Esq. 

Bernard  Craorof t  Esq.  Mr&  Ellen  Margaret  Joaehinu 

Henry  Doolton,  Esq.  Thomas  Hawfcsley,  MJ).  MJLOP. 

William  Erans,  Esq.  W.  G.  Lett8o^^  Esq. 

Frederick  Geo.  Wm.  Fearon,  Esq.  Miss  Anne  Egerton  Smith. 

Lieut-General  Frederick  William  Sebastian  Smith,  Esq. 
Hamilton,  OB.                             ,  Charles  Sweet,  Esq. 

were  eUded  Members  of  the  Boyal  Listitiition. 

The  Pbbsbitb  reeeiTed  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  M^nbers  retnmed  fat  the  same^  Tix. : — 


AmttOy  G,  F.  £m.  {At  AmA^r^—Tht  Rorml  Mint    ^voc    ISTO. 

aitfnw«M<«l  ^m}^^  J209iil--XMtktT  N<4k«^    ToL  X3L  Xol  l.    9io.    1870. 

BarrHL  W,  F.  Eta,  F,CS.  ,tW  J«dbr^— Li^t  and  $o«nd :  l^eir  n^mfted  Antkhgj. 

V*  QiartvftT  Joarnal  of  Sewwvi'  Jaa.  l^TO.'     Svoc 
BtHtwmm^J.F'Et^  F^J^  MJU.  tnd  J.  J.  Ri^  {At  AuAmr9y--l}e9aiptkmk  fit  m, 

Ttomed  Oe^t-urvta  T\>W  for  cMirng  a  lUttWy  acrooi  Uie  O^""*^  between 

England  and  F>mnc«.    Srvk    1;^ 

BtiHtk  Mwmum  T^mttttt    Ouakyne  of  P^CTiapfcia  StttfiMooL     Ptet  S.    dm. 

Gaiii»  li>  Printed  BU>I»  fixlubtUNt    ldw\    1$^. 
SirvmiK  J^mpJL.  Ettf.  ^.C   MJU,  {At  J%Air\-Tht  Enfe  of  the  r^Iauted 
Iial<aitT  ilbr  A<v-ilMi«»  of  )Im«ns  tai  KuNrnx  OMBnoBa      X  97)    Sfo. 

Am«Mt  IImt  Xitfv*^  1^^7\^.    4%^ 
IS)B^:iBMr  tit>r  Xacv)k«  ISTV.    tl>t 
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Natme  for  March,  1870.    4to. 
Phannaoentical  Journal  for  March,  1870.    Svo. 
Photographic  News  for  March,  1870.    4to. 
Practical  Mechanics*  Journal  for  March,  1870.    4to. 
Berne  des  Coors  Scientifiques  et  litt^raires.    Maich,  1870.    4to. 
Scientific  Opinion  for  March,  1870.    4to. 
Gwgrapkical  Society,  Royal^^ovamal,  Vol.  XTTTY,     8yo.    1870.    4to. 

Proceedings,  Vol.  XlV.  No.  1.    8vo.    1870. 
Ooceraor-GeniBral  of  India — Memoirs  of  Geological  Survey  of  India,  Vol.  VI. 
Part  3.    8yo.    1869. 
Annual  Report    1867.    8to. 

BeoMfds,  Vol.  I.  Parts  1-3.    Vol.  H.  Part  1.    8vo.    1868-69. 
Palsontologia  Indica,  V.  5-10.    fol.    1867-68. 
Loitdom  Corporation  Library  Committeo — J.  K  Price,  Description  of  the  Tessellated 

Pavement  foand  in  Bucklersbury.    4to.    1869. 
Lee,  Robert  J.  M.D.  (the  Avihory-On  the  Ciliary  Muscle  in  Fish,  Birds,  and 

Quadrupeds.    (E  97)    8yo.    1870. 
Meide,  Dr.  F.  (the  Author) — ^Experimentaluntersuchungen  iiber  Blasenbildung. 

Enter  Theil.    Z waiter  Abschnitt    Svo.    1870. 
Me^aniedl  Engineer^  Inditution — Proceedings.    Nov.  1869.    8va 
YarkAire  (  West  Biding)  Geological  and  Polytechnic  Society — ^Report  of  Proceedings, 

1869.    Svo.    1870. 
Phoiyraphie  Soriety-^onmsLl^  No.  245.    8vo.    1870. 
JUijai  Society  of  London — Proceedings,  No.  117.    8vo.    1870. 
8L  Pelenbourg,  Academe  dee  Sciences — Memoires,  VII*  Serie,  Tome  XIIL  No.  8. 
Tome  XIV.  Nos.  1-7.    4to.    1869. 
Bulletins,  Tome  XIV.  Nos.  1-3.    4to.    1869. 
SyMoat,   G.  J.  Eeq.  (the  Author) — Symons'  Monthly  Meteorological  Magazine, 
March,  1870.    Svo. 
Bdtith  BainfBll  in  1869.    Svo.    1870. 
Vidoria  Inditute^-^ouTDal,  No.  14.    Svo.    1870. 

C.  /.  B.  M.D.  F,BJ3,  (the  Author}— The  Oase  of  the  late  Earl  Si  Maur. 
(K97)    Svo.    1870. 


ISosal  fmtimion  of  ^ttat  iSrttam. 


WEEKLY  EVENING  MEETING, 
Friday,  April  8, 1870. 

Sib  Hxnbt  Holland,  Bart.  M.D.  D.CX.  P.R.S.  President, 

in  the  Chair. 

Pbofessob  Huxlet,  F.RS. 

On  the  Pedigree  of  the  Horse, 

[Abstract  deferred.] 


WEEKLY  EVENING  MEETING, 

Friday,  April  29,  1870. 

Sib  Hxnbt  Holland,  Bart  M.D.  D.C.L.  F.RS.  President, 

in  the  Chair. 

Pbofessob  J.  8.  Blaobie,  F.R.S.E. 

On  Scientific  Method  in  the  Interpretation  of  Popular  Myths,  ioith  special 

reference  to  Chreek  Mythology. 

Thebb  is  perhaps  no  subject  of  great  known  interest  and  deep  philo- 
sophical significance  which  has  been  so  much  neglected  by  British 
scholars  as  Mythology.  We  have  scarcely  half-a-dozen  books  to  show 
on  the  subject ;  and  of  these  the  most  notable  and  the  most  original, 
that  of  Bryant,  found  on  the  shelves  of  most  good  English  libraries, 
is,  with  all  its  merits,  after  all  only  a  grand  chase  in  the  dark,  with 
a  few  bright  flashes  of  discovery  and  happy  gleams  of  suggestion  by 
the  way.  Payne  Knight's  treatise  on  Aiicient  Symbolism  contains 
many  just  and  admirable  observations ;  but  it  does  not  pretend  to  be 
a  systematic  treatise  on  Hellenic  mythology.  Recently  the  subject 
has  been  taken  up  by  the  subtle  and  versatile  intellect  of  Mr.  Glad--' 
stone ;  and  German  notions  have  been  poured  in  upon  us  wholesale 
under  the  masterly  manipulation  of  Max  Miiller.  But  the  one- 
sidedncss  and  inadequacy  of  most  of  these  recent  attempts  plainly 
indicate  that  we  are  as  yet  only  in  the  first  stage  of  a  really  scien- 
tific treatment  of  myths,  and  tiiat  a  considerable  amoimt  of  fervid 
speculation  on  the  subject  will  require  to  have  spent  its  young  force 
before  the  foundations  of  any  stable  doctrine  on  the  subject  i£all  be 
laid.  The  &ct  seems  to  be  that  the  English  mind,  so  great  in  prac- 
tical matters,  in  certain  interesting  fidds  of  speculation  presents 
VouVL    (Na5a)  k 
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ANNUAL    MEETING, 
Monday,  May  2,  1870. 

Sib  Henbt  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 

in  the  Chair. 

The  Annnal  Beport  of  the  Committee  of  YisitorB  for  the  year 
1869  was  read  and  adopted. 

The  Books  and  Pamphlets  presented  in  1869  amomited  to  255 
volumes,  making,  with  those  purchased  by  the  Managers,  a  total  of 
888  Yolmnes  added  to  the  Library  in  the  year,  exclosiye  of  periodicals. 

Fortynseven  new  Members  were  elected  in  1869. 

Sixty-three  Lectures  and  Nineteen  Evening  Discourses  were 
delivered  during  the  year  1869. 

Thanks  were  voted  to  the  President,  Treasurer,  and  Secretary,  to 
the  Conmiittees  of  Managers  and  Visitors,  and  to  the  Professors,  for 
their  services  to  the  Listitution  during  the  past  year. 

The  following  Gentlemen  were  unanimously  elected  as  Officers  for 
the  ensuing  year : — 

Prksidbnt— Sir  Henry  Holland,  Bart.  M.D.  D.C.L.  F.B.S. 
Tbbasubeb — ^William  Spottiswoode,  Esq.  M.A.  F.R.S. 
Sbobetaby — ^Henry  Bence  Jones,  M.A.  M.D.  F.R.S. 


Managebs. 

John  J.  Bigsby,  M.D.  F.R.S.  F.G.S. 

William  Bowman,  Esq.  F.R.C.S.  F.R.S. 

Charles  Brooke,  Esq.  M.A.  F.R.S. 

George  Buak,  Esq.  F.R.C.S.  F.R.S. 

Warren  De  la  Rue,  Esq.  Ph.D.  F.R.S. 

The  Earl  of  Derby,  M.A.  LL.D.  F.R.S. 

John  Peter  Gassiot,  Esq.  F.R.S. 

John  Hall  Gladstone,  Esq.  Ph.D.  F.R.S. 

Sir  John  Lubbock,  Bart.  M.P.  F.R.S.  F.G.S. 

George  Macilwain,  Esq.  F.R.C.S. 

Sir  Roderick  I.  Murchison,  Bart.  K.C.B. 
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greatest  extension  these  orbs  produce  collectiyely  the  diffosed  light 
which  forms  the  Milky  Way. 

Sir  John  Herschel,  applying  a  similar  series  of  researches  to  the 
southern  heavens,  was  led  to  a  very  similar  conclusion.  His  view  of 
the  sidereal  system  differs  chiefly  in  this  respect  from  his  father's,  that 
he  considered  the  stars  within  certain  limits  of  distance  from  the  sun 
to  be  spread  less  richly  through  space  than  those  whose  united  lustre 
produces  the  milky  light  of  the  galaxy. 

Now  it  is  clear  that  if  the  supposition  on  which  these  views  are 
based  is  just,  the  three  following  results  are  to  be  looked  for. 

In  the  first  place  the  stars  visible  to  the  naked  eye  would  be  dis- 
tributed with  a  certain  general  uniformity  over  the  celestial  sphere  ; 
so  that  if  on  the  contrary  we  find  certain  extensive  regions  over  which 
such  stars  are  strewn  much  more  richly  than  over  the  rest  of  the 
heavens,  we  must  abandon  Sir  Wm.  HerscheFs  fundamental  hypo- 
thesis and  all  the  conclusions  which  have  been  based  upon  it. 

In  the  second  place,  we  ought  to  find  no  signs  of  the  aggregation 
of  lucid  stars  into  streams  or  clustering  groups.  If  we  diould  find 
such  associated  groups  we  must  abandon  the  hypothesis  of  uniform 
distribution  and  all  the  conclusions  founded  on  it. 

Thirdly,  and  most  obviously  of  all,  the  lucid  stars  ought  not  to  be 
associated  in  a  marked  manner  with  the  figure  of  the  Milky  Way. 
To  take  an  illustrative  instance.  When  we  look  through  a  glass  win- 
dow at  a  distant  landscape  we  do  not  find  that  the  specks  in  the  sub- 
stance of  the  glass  seem  to  follow  the  outline  of  valleys,  hills,  trees,  or 
whatever  features  the  landscape  may  present.  In  like  manner,  reguxl- 
ing  the  sphere  of  the  Incid  Btors  a^  in  a  sense  the  window  thil^h 
which  we  view  the  Milky  Way,  we  ought  not  to  find  these  stars,  which 
are  so  near  to  us,  associated  with  the  figure  of  the  Milky  Way, 
whose  light  comes  from  distances  so  enormously  exceeding  those 
which  separate  us  from  the  lucid  stars.  Here  again,  then,  if  there 
should  appear  signs  of  such  association,  we  must  abandon  the  theory 
that  the  sidereal  system  is  constituted  as  Sir  Wm.  Herschel  supposed. 

It  should  further  be  remarked  that  the  three  arguments  derived 
from  these  relations  are  independent  of  each  other.  They  are  not  as 
three  links  of  a  chain,  any  one  of  which  being  broken  the  chain  is 
broken.  They  are  as  three  strands  of  a  triple  cord.  If  one  strand  holds, 
the  cord  holds.    It  may  be  shown  that  all  three  are  to  be  trusted. 

It  is  not  to  be  expected,  however,  that  the  stars  as  actually  seen 
should  exhibit  these  relations,  since  far  the  larger  number  are  but 
faintly  visible ;  so  that  the  eye  would  look  in  vain  for  the  signs  of  law 
among  them,  even  though  law  may  be  there.  What  is  necessary  is 
that  maps  should  be  constructed  on  a  uniform  and  intelligible  plan, 
and  that  in  these  maps  the  faint  stars  should  be  made  bright,  and 
the  bright  stars  brighter. 

The  maps  exhibited  during  this  discourse  have  been  devised  for  this 
purpose  amongst  others.  There  are  twelve  of  them,  but  they  overlap, 
so  tihat  in  e£feot  each  covers  a  tenth  part  of  the  heavens.    There  is 
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GENERAL  MONTHLY  MEETING, 

Monday,  May  9, 1870. 

Sib  HiNBT  Holland,  Bart.  M.D.  D.CX.  F.B.S.  President, 

in  the  Chair. 

The  following  Vice-Presidents  were  nominated  for  the  ensuing 

The  Marquis  of  Salisbury. 

Lieut-Gen.  Sir  Edward  Sabine,  E.O.B. 

Sir  Roderick  I.  Murchison. 

Warren  De  la  Bue,  Esq. 

William  Spottiswoode,  Esq.  Treasurer  RI. 


Thomas  William  Boord,  Esq.  F.SA. 

Miss  Eliza  Bowman. 

Miss  Margaret  Graham. 

Bey.  Brenchley  Eingsford,  M.A. 

Henry  Francis  Makins,  Esq. 

Reginald  Heber  Prance,  Esq. 

The  Earl  of  Bosse,  F.B.S. 

The  Hon.  Captain  Beginald  Talbot,  M.P. 

ITie  Hon.  Percy  S.  Wyndham,  M.P. 

were  elected  Members  of  the  Boyal  Listitution. 

JoHK  Ttndall,  Esq.  LLJ).  F.B.S.  was  re-elected  Professor  of 
Natural  Philosophy. 

The  Pbxsints  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yiz. : — 


LordM  of  tiktf  CommUtee  of  Council  on  Education — Univenal  Catalogae  of  Worbi 

oqAiL    Vol.  L    4to.    1870. 
Admarim,  IfutUwU  o/— Journal,  No.  99.    8vo.    1870. 
Atiaiic  Sodetff  of  Benaat — Journal.    No.  158.    8ya 

Proceedings,  1869.  Na  11.    1870,  No.  2.    8yo. 
Brem^  Hu^  Etq,  (the  Author) — CorrectionB  of  Bonrard's  Elements  of  Jupiter  and 

Saturn.    (Greenwich  Obeeryationa.    1868.) 
BriUtk  AMtodtOum  for  the  Advanoemmd  of  iScianctf— Report  of  the  Thirty-ninth 

Meeting  at  Exeter  in  1869.    8yo.    1870. 
ChamJbcn,  O.  F,  Et^.  FM^J3,  M.B.L—Beiy.  0.  8.  Grueber,  Flea  for  the  Oon- 

tinuanoe  of  PmnitiYe  and  Oatholic  Unges  and  Ornaments.    (K  97)    8to. 

1870. 
J.  Wordsworth,  Lectures  Introductory  to  a  Histoiy  of  the  Latin  Language  and 

Uterature.    (K  97)    8ya    1870. 
Ber.  6.  C.  Ifalan,  DiTine  Liturgy  of  the  Armenian  Church  of  8.  Gregory  the 

nirnninatnT,  translated  from  the  Armenian.    (K  97}    8to.    1870 
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Chemical  Society — Jonrnal  for  April,  1870.    8vo. 

OmUtato  Oeologico  d* JtoZta—BoIletino  3.    Syo.    1870. 

Cracroft,  Bernard,  Esq,  M.R.L  {the  Author)— Benik  Dividend  Chart.    1869-70. 

Dempsey,  J,  Maurice^  Esq.  {the  Editor) — Our  Ooean  Highways:   a  GondenBed 

Uniyersal  Route  Book.    Svo.    1870. 
Editors— AceAQmy  for  April,  1870.    4to. 

Artizan  for  April,  1870.    4to. 

Athensetiin  for  April,  1870.    4to. 

Chemical  News  lor  April,  1870.    4to. 

Engineer  for  April,  1870.    fol. 

Horological  Journal  for  April,  1870.    8yo. 

Journal  of  Gk«-Lighting  for  April,  1870.    4to. 

Mechanics'  Marine  for  April,  1870.    8yo. 

Nature  for  April,  1870.    4to. 

Phannaoeuti(^  Journal  for  April,  1870.    8to. 

Photographic  News  for  April,  1870.    4to. 

Practical  Mechanics'  Journal  for  April,  1870.    4ta 

Bevue  des  Cours  Scientifit^ues  et  Litt^niires,  April,  1870. 

Scientific  Opinion  for  April,  1870.    4to. 
Franklin  Institute— Jmrnal.    Nos.  529.  530.    8vo.    1870. 
Oeologioal  Institute,  Imperial^  Vienna — Jahrbuch.    Band  XIX.  No.  4.  8vo.  1869. 

Yerhandlungen,  1869.    Nob.  14-18.    8yo. 
Geological  Society— Quartstlj  Journal,  No.  102.    8vo.    1870. 
Gladstone,  J.  H.  Esq.  Ph.D,  F.BJS, M.B.L—J.  Miller,  M.A. ChristiBnum  Organmn. 

16mo.    1870. 
Institut  Imp&ial  de  France,  Acadhnie  des  /ScMficet—M^moires.    Tomes  29, 32,  34, 
35.    4to.    1864-67. 

M^moires  par  Divers  Savants.    Tomes  18, 19.    4to.    1865-68. 
Jones,  H.  Bence,  M.D.  F.RJ3.  Hon,  Sec.  B.L  (the  Auihor)^U£d  and  Letters  of 
Faraday.    2nd  edition.    2  vols.    8vo.    1870. 

Portrait  of  Professor  Faraday  (engraved  from  a  Drawing  by  Oeorge  Bichmond, 
B.A.,  in  1852).    1870. 
London  Corporation  Library  Committee — Analytical  Indexes  to  Vols.  II.  and  YIII. 

of  the  *  Kemembrancia/  159^-1609 ;  and  1613-1640.    8vo.    1870. 
Mechanical  Engineers'  Institution — Proceedings.    Jan.  1870.     8vo. 
Meteorological  Society — Proceedings,  Nos.  47,  48.    8vo.     1870. 
Mus^e  Teyler,  ITaar^en*— Archives.    Vol.  II.    Fasc.  4.    4to.    1870. 
National  Education  Union — Report  of  Congress  at  Manchester,  Nos.  8, 4.  1869. 

8vo.    1869. 
FhotograpUc  Society— ZorxmsX,  No.  216.    8vo.    1870. 
Forter,  f.  H.  Esq.  (the  Authory-The  Sugar,  Beet  and  Beei-ioot  Sugar.    (K  97) 

8vo.    1870. 
Preussische  Akademie  der  Wissenschaften — ^Monatsberichte,  Feb.  1870.    8va 
Prussian  Academy,  Boyal — Monatsberichte,  Jan.  1870.    8vo. 
Boyal  Society  of  iondow— Proceedings,  No.  118.    8vo.    1870. 

Philosophical  Transactions  for  1869,  Vol.  CLIX.  Part  2.    4to.    1870. 
Statistical  Society— Joxamal,  Vol.  XXXIIL  Part  1.    8vo.    1870. 
Symons,  G.  J.  Esq.  (the  Author)— &ymojia*  Monthly  Meteorological  Magaxine, 
April,  1870.    8vo. 

Report  of  Rainfall  Committee,  1868-69.    Svo.    1870. 
Williams,  C.  J.  B.  M.D.  F.B.S.  (the  Author) ---ThQ  Case  of  the  late  Earl  St.  Manr. 
(K97)    2nd  edition.    8vo.     1870. 
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For  the  water  of  the  contained  air  freezing  on  the  sides  of  the  boring 
(like  hoar  frost)  would  raise  the  temperature  around  th6  bulb,  by  the 
latent  heat  set  free  in  freezing,  to  zero,  C.  And  the  humidity  of  the 
air  being  continually  renewed,  this  process  would  always  go  on. 

'^  A  thermometer  is,  in  short,  incapable  of  taking  the  temperature 
of  ice,  unless  that  ice  be  dry."*  These  are  the  words  of  that  emi- 
nent man  Principal  Forbes  in  the  last  (I  think)  of  his  papers  on  the 
subject  of  glaciers. 

On  a  Friday  evening  like  thisj  eight  years  ago,  another  eminent 
man,  whose  loss  to  science  we  all  deplore,  addressed  the  audience  then 
assembled  here  on  the  subject  on  which  I  have  now  been  addressing 
you.  He  possessed  every  accomplishment  for  the  investigation  of  it, 
and  had  studied  it  long  and  successfully ;  he  was  versed  in  physics, 
and  was  an  able  and  original  mathematician.  I  speak  of  Mr.  William 
Hopkins,  whose  name  will  always  be  held  in  honour  by  reason 
of  his  many  contributions  to  the  science  of  glaciers,  and  especially 
because  of  tiie  explanation  he  first  gave  of  the  formation  of  crevasses. 
In  the  introductory  part  of  the  discourse  which  Mr.  Hopkins  then 
delivered  he  "  insisted  on  the  necessity  of  a  more  exact  definition  of 
terms  and  more  accurate  modes  of  matiiematical  reasoning  than  those 
which  had  up  to  that  time  characterized  the  discussion  of  glacial  phe- 
nomena." 

That,  on  the  necessity  of  which  he  insisted  and  for  which  he 
laboured,  I  also  have  laboured  for.  I  have  sought  to  bring  the  dis- 
cussion of  glacial  phenomena  out  of  the  wide  region  of  scientific 
opinion,  and  place  it  in  that  of  exact  science.  That  work  is,  however, 
still  far  from  being  completed.  Life,  too,  is  short,  and  the  power  to 
pursue  studies  such  as  these  is  sometimes  shorter  in  duration  than 
life  itself.     But  other  workers  are  behind. 

[H.M.] 
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in  the  Chair. 

Profissor  Alkxandkb  Williamson,  F.RS. 

ntinDBirT  os  ths  obkmioal  tocnrr. 

On  Atoms, 
[Abstract  deferred.] 
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change  of  the  Brahman  with  his  pot  of  rice  into  the  milkmaid  with 
her  pot  of  milk  took  place  in  the  thirteenth  century,  and  was  that 
adopted  by  La  Fontaine.  He  then  described  more  minutely  the 
ramifications  of  this  cluster  of  Indian  fables  in  their  progress  from 
East  to  West,  pointing  out  some  other  channels  through  which  such 
tales  as  the  stories  of  Sindbad  reached  the  litei*ary  market  of  Europe. 
In  conclusion,  he  showed  that  even  a  Father  of  the  Church  had  exer- 
cised an  important  influence  in  importing  Eastern  fables  into  Europe. 
Joannes  Damascenus  lived  at  the  court  of  the  same  Chalif  Almansur 
for  whom  Abdallah-ibn-Almokaffa  had  translated  the  fables  from 
Pehlevi  into  Arabic.  In  a  religious  novel,  called  '  Barlaam  and 
Josaphat,'  Joannes  not  only  introduced  a  number  of  Eastern  fables, 
but  actually  took  his  principal  hero,  Josaphat,  from  the  'Lalita- 
Vistara,'  the  life  of  the  Buddha,  or  "  Enlightened,"  a  portion  of  the 
sacred  canon  of  the  Buddhists.  That  the  story  of  Barlaam  is,  in  its 
most  striking  points,  a  mere  repetition  of  the  story  of  the  Buddha  the 
Professor  proved  by  quoting  many  names;  and,  finally,  he  drew 
attention  to  the  fact  that  Josaphat,  the  hero  of  the  story  of  Joannes 
Damascenus,  had  been  raised  to  the  nmk  of  a  saint  both  in  the  Eastern 
and  Western  Churches.  "  What  follows,  then  ?"  the  Professor  asked. 
*'  It  follows  that  Buddha  has  become  a  saint  in  the  Romish  Church ; 
it  follows  that,  though  under  a  di£ferent  name,  the  sage  of  Eapila- 
yastu,  the  founder  of  a  religion  which,  in  the  purity  of  its  morals,  is 
nearer  to  Christianity  than  any  other  religion,  and  counts  even  now, 
after  an  existence  of  2400  years,  455,000,000  of  believers,  has  re- 
ceived the  highest  honours  which  the  Christian  Church  can  bestow. 
And  whatever  we  may  think  of  the  sanctity  of  saints,  let  those  who 
doubt  the  right  of  Buddha  to  a  place  among  the  saints  read  the 
story  of  his  life,  as  told  in  the  Buddhist  canon.  If  he  lived  the  life 
which  is  there  described,  few  saints  have  a  better  claim  to  that  title 
than  Buddha;  and  no  one,  either  in  the  Greek  or  in  the  Boman 
Church,  need  be  ashamed  of  having  paid  to  his  memory  the  honour 
which  was  intended  for  St.  Josaphat,  the  Prince,  ^he  hermit,  and  the 

8»^*-"  [M.  M.] 
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The  special  thanks  of  the  Members  were  returned  for  the  fol- 
lowing Donations  to  "  the  Fund  for  the  Promotion  of  Experimental 
Besearches  " : — 

T.  Williams  Helps,  Esq.  (5th  Donation) £10 

Erasmus  A.  Darwin,  Esq.  ^  2nd  Donation)  ..  25 

Sir  Henry  Holland,  Bart  M.D.  (12th  Annual  Donation)         40 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

The  Count  of  Paris  and  the  Duke  of  Chartre§ — Campagnes  de  TArm^  d'Afrique 

1835-39,  par  lo  Due  d'Orl^ns,  public'  par  ses  Fik    8vo.    Paris.     1870. 
Anonymous — La  L^gitimite'  en  Espagnc  :  par  H.  de  Lazeu.    (K  97)    8vo.     1870. 
Asiatic  Society  of  Bengal— Journal,  No.  158.    8vo. 

Proceedings,  1870,  No.  3.    8vo. 
British  ArchitecU,  Royal  InstUute  o/— Sessional  Papers,  1869-70,  No.  9.    4to. 
British  Museum  JriMeees— Catalogues  of  Sea  Pens.    8vo.    1870. 
Chemical  Society — Journal  for  May,  1870.    8vo. 
Editors — Academy  for  May,  1870.    4to. 

Artizan  for  May,  1870.    4to. 

Athenffium  for  May,  1870.    4to. 

Chemical  News  for  May,  1870.    4 to. 

Engineer  for  May,  1870.    fol. 

Horological  Journal  for  May,  1870.     8vo. 

Journal  of  Gas-Lighting  for  Muy,  1870.    4to. 

Mechanics'  Magazine  for  May,  1870.    8vo. 

Nature  for  May,  1870.     4to. 

Pharmaceuticai  Journal  for  May,  1870.    8vo. 

Photographic  News  for  May,  1870.    4to. 

Revue  des  Cours  Scientifiques  et  Litt^raires.    May,  1870.    4to. 

Scientific  Opinion.    May,  1870.    4to. 
JaUbionowskCsthen  Society^  Leipsie — Preisschriften,  XV.    With  Plates.    4to.     1870. 
Linnean  Society — Journal,  Nos.  48,  53.    8vo.    1870. 
Meteorologieal  Society — Proceedings,  No.  49.    8vo.     1870. 
North  of  England   Institute  of  Mining  Engineers — Transactions.     Vols.   XYII. 

XVIIL    8vo.    1807-9. 
Fhotitgraphic  Sr>riWy— Journal.    No.  217.    870.    1870. 
Prussian  Aradnmy^  Royal — Monatsberichte,  Marz,  April,  1870.     1870.    8vo. 
Royal  Irish  .icademy— Transactions :   Science,  Parts  9 — 15;    Polite  Literature, 

Part  4 ;  Antiquities,  Port  8.    4to.     1869-70. 
Royal  Society  of  London — Proceedings,  No.  119.     8vo.     1870. 
Samuel^  Messrs. — Wool  and  Woollen  ManufiEtctures  of  Great  Britain.     8vo.     1 859. 
Symtms,  O.  J.  Esq,  (the  Author) — Symons'  Monthly  Meteorological  Magazine, 

May,  1870.    8vo. 
Saxon  Society  of  Sciences,  Royals  Leipsie — Abhandlungen.     3  Parts.    4to.     1869. 

Berichte :  1867.    Nos.  3, 4.     1868.    1869.    No.  1.    8vo. 
T.  Twining^  Esq,  M.R.I.  {the  iiu/^or)— Science  for  the  People ;  a  Memorandum. 

8vo.     1870. 
United  Service  Institution,  Royal  -Journal,  No.  57.     8vo.     1870. 
Van  der  Menbrugghe,  C,  (the  Author) — Sur  la  Yiscoeit^  superflcielle  des  Lames  de 

la  S^^ilution  de  Saponine.    8vo.     1870. 
Zoological  SoriVrfy— Transactions,  Vol.  VII.  Parts  1,  2.    4to.     1870. 

Proeeediugs  for  1869.    Parts  2,  3.    8yo. 
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WEEKLY  EVENING  MEETING, 

Friday,  June  10,  1870. 

Sir  H.  Holland,  Bt.  M.D.  D.C.L.  F.E.S.  President,  in  the  Chair. 

William  Odling,  M.B.  F.R.S. 

FULLBHIAM  PBOFKSSOB  OF  CHSMI8TRT,  BOTAL  IXSTXTUTIOir, 

On  the  Ammonia  Compounds  of  Platinum. 

Fob  nearly  a  century  past  ammonia  gas,  discovered  by  Priestley  in 
1774,  has  been  a  sabject  of  extreme  interest  to  chemists.  This 
ammonia  gas,  H^N,  is  especially  characterized  by  its  property  of 
uniting  durectly  with  hydrochloric  acid  gas,  HCl,  to  form  a  solid 
deposit  of  sal-ammoniac,  or  hydrochloride  of  ammonia,  H,N.HC1. 

In  several  important  particulars,  sal-ammoniac  presents  a  remark- 
able similarity  of  behaviour  to  chloride  of  potassium ;  and,  by  linking 
together  the  hydrogen  of  its  acid  with  its  ammonia  so  as  to  form  the 
grouping  H3N.H  or  H4N,  it  may  be  regarded  as  the  chloride  of  a 
composite  metal  ammonium,  just  as  potassium  chloride  is  the  chloride 
of  the  simple  metal  potassium ;  thus  : — 

(H,N.H)a  KCl 

Ordinarily,  when  potassium  chloride  is  subjected  to  the  action  of 
a  weak  current,  no  potassium,  but  only  potash,  makes  its  appearance 
at  the  negative  pole ;  but  if  the  negative  pole  be  constituted  of  a 
drop  of  mercury,  the  electrolytically'-liberated  potassium  remains  dis- 
solved in  the  mercury  as  potassium-amalgam  EJSgy  Similarly, 
when  solution  of  sal-ammoniac  is  subjected  to  electrolysis,  the  nega- 
tive pole  being  constituted  of  mercury,  there  is  produced  a  bulky 
amalgam  of  ammonium  (HsN.H)J3gy;  which,  however,  when  no 
longer  under  the  influence  of  the  current,  speedily  breaks  up  into 
ammonia,  hydrogen,  and  mercury.  Ammonium-amalgam  may  further 
be  produced  on  a  large  scale  by  the  action  of  potassium-amalgam  or 
sodium-amalgam  on  sal-ammoniac  solution,  thus : — 

a;(H,N.H)Cl     +     K,Hgy     =     a?  KOI     +     (H,N.H),Hgy 

Another  characteristic  property  of  ammonia  gas  is  its  extreme  solu- 
bility in  water.  By  its  dissolution  it  famishes  a  liquid  having  many 
of  the  properties  of  aqueous  potash,  as,  for  example,  the  properties  of 
affecting  test-paper,  of  neutralizing  acids,  and  of  precipitating  metallic 
salts.  And  just  as  sal-ammoniac  may  be  regarded  as  a  chLoride  of 
ammonium,  analogous  to  chloride  of  potassium,  so  may  aqueous  am- 
monia be  regarded  as  a  hydrate  of  ammonium  analogous  to  hydrate  of 
potassium,  thus  :  — 

(H,N.H)HO  KHO 

But  whereas  chloride  of  ammonium,  analogous  to  chloride  of  potas- 
sium, constitutes  a  definite  body, — hydrate  of  ammonium,  anal(M{oii8 
to  hydrate  of  potassium,  has  an  inferential  existence  only,     n  is 
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fren  ii  4ie  iiima|Kgi3zM  tyfatoi  t—e  of  tfe  aeriflt.  He  las 
9htrj  obtaofA  BOKDt  mrtkw  of  xntesvA  vi^  Iki&s  bifcaging  to  Ifae 
Dore  cynrlfT  aerw:  mi.  at  a  goKEal  Rsak  of  bk  inqvriei^  has 
ftnlumd  to  pm  forvBpi  a  new  witfiiy-  of  if^putfing  ife  entire  groop 
cf  bodks.    Tloc  sdbcczfet  ifr  band  <n  i^  VBeofBX&oB  of  two  fnndpiJ 


€kc$  or  prtygfafn^ : — 

1*.  Tbe  diSscES  pfaizzi  aiiiiifci  '■  ci.ernnuii§  are  ffodooed  in  tlie 
€»s  iasteaoe  froB  pkcam  cU»^  Pta's:  mui  pm^  m  the  pla^ 
mnn  cf  ddft  o^xpcAi  pMeesav  libt  jevyeti  of  tilmig  ^  two  addi- 
tkcAl  ivopoftkoft  of  clkc^  lo  aa  to  fin  A  die  plttnnr  oonywind 
OfPtCl.  or  Pf^Cl,,  lo  ako  ik«s  i^  fheaxa^  cf  the  difiacst  ammo- 
niated  bodies  c^«aiatd  fnnB.  jiMMa^ims^  drlTii^  Ikmbbk  the  propertjof 
takizig  vp  tvt>  {«cf  tcnkttf  i-f  cU:k3if.  cr  rti  cqwiraleiit  of  odier 


fo  afr  K>  far^-air  ^ttny  ^ 
to  the  original  platiifeLWi  o:BL».iCjti$  r!ac{«KSL^«2T.  HoKe  the  diTision 
of  p]atEzt-an2nto:<ii2a  ccGfcuaiis  fzac-  «bf  rv^?  flaa>T  vtf^  platincNis  and 
platinic  :  the  cucipc-cz:^  cf  ihe  f-.f3ner.  •r^n^rj^  f*  ccsstitiitioii  from 
those  of  the  IsOSct  cLhak  jass  a$  rIasisS:  j-'^i^  &>»  p&atinoiisdiloridey 
hr  a  direct  £xasfy:a  \.i  chLjcae. 

^.  The  muoAd  resbl^K  vr  ;ai£eal  amafeem  H*!?,  is  capable  of 
becoming  the  mcnad  nJfeal  amnajix^^ziAkwiK  H«X.H^  or  H^c 
jtt«t  as  the  znuifitol  radical  oafcajl  H.C  i»  ospihk  of  becoming  the 
nanad  radical  laethTleib-iiii^Tl  3r  etajl  G(.C.  H,C  or  H»Cr*  View- 
ing Ml-ammoniac  H^.HCl  *»  the  aoaJi^gv  of  nKthjlie  chloiide 
H«C  UCL  the  didbTuice  ia  socic^aib&e.  (has  whiLe  the  amnHwia  both 
Mi  sal-amnu>iuae  and  ammcn-^uuiilo^n  bs^  eaetlj  M«nble«  ihe  methy- 
len  buth  of  nicthTlic  cnlLride  lad  nit:divu.'tt>aifefcaTl  r$  iascpaiable  froon 
the  remaining  cvD£SiRii:Q&>  of  dlie  r\.'^»p«^*GLve  CL-ntpcoai^  Hence  the 
distznction  b«:rve«:n  the  tv*j  clafis^-^  yjt  jmic  aod  ^mmcn-amic  pJatinnm 
cumpuim«i&  the  lacser  ifrj^rtng  :tvui  uie  5>rtuer  bj  an  actial  addition 
of  Jiad  ammonia^  moL-h  .i»  ^chvlic  Jiil^r  !S.iu  methTlic  compounds 
by  a  Tirtnal  aJdici«.'D  ^.f  iiaid  UKchvleo.  The  MnIIel2;3n  is  indicated 
in  the  imder^wrinen  furmolse  fi>r  siethvlii:  chlunde  and  ethylio 
chloride,  saLsimmoniae  and  amnKMUO<<hIorHh^  of  ;iiNer«  na^eetiTely : — 

H-CHO  HLCJ^U  H,N    HO         H,XiAg 

H,o  *  a  H^  (a 

The  givup  <.'i  i»iaciii^>iajjiiv'uia  vviupoundfr  is  thiw  divisible  into 
the  two  cuifi^^  .  t  I'luriuv  as  ^uid  vluuuie ;  .iud  citarh  of  theee  again  into 
the  twt^  clacsAS  .i'  xmic  .titu  iauiKU-^^mie  v.vui(KHmds«  To  these  four 
chk»s}e«  uius^  vic  \-  jkAKu  ;!  ditu  >ui>-<uitf^  ot  ii-plabttic  compounds, 
iiichidiu^  uiv  *u:::i:<^ua  r*de  .t  lubc^ask^-  iukI  the  :UilNi^iaentIj-dis- 
i^vvt-n-d  \iirHU  .:  v.Ti.ra«4r^It  dCid  xal\*i:uk  oi  bUdo»,  The  s^'heme  of 
the  cv>UN£:ru(zv'u  ^-t  lIh'  vii:-r\  ):r\Hi(s  *u  .w\x>cuaiKV  >feiilh  the  artier s 
Yie^s^  :s  cxh:t>iu.U  ti  :iK  .K\viu^4^ui>at^  'w«k^  cx  UK'  (kiUKH)Ndchkmle» 
hydrate,  uitn^a:  .luxl  luir^u  sVUi^KHUtUik 
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The  base  and  other  soluble  platosamine  componndB  are  charac- 
terized hj  giying  with  hydrochloric  acid  a  precipitate  of  the  hydro- 
chloride, which,  when  formed  in  this  way,  is  almost  always  yellow 
and  crystalline.  All  platosamine  compounds,  including  the  hydro- 
chloride, exhibit  the  platinous  property  of  absorbing  ddorine,  and 
hence  of  decolourizing  a  mixture  of  hydrochloric  acid  and  permanga- 
nate, to  yield  platinamine  compounds;  and  thoy  all,  including  &e 
hydrochloride,  dissolve  in  gently-heated  ammonia,  to  yield  their  cono- 
sponding  amo-platosamine  compounds. 

AnuhpUUoaamine. 

The  hydrochloride  of  this  series,  unlike  that  of  the  preceding,  is 
freely  soluble  in  water.  It  is  a  beautiful  salt,  crystallizing  usuidly 
in  a  mass  of  interlaced  lengthy  needles.  It  is  made  by  dissolving 
platinous  chloride,  salt  of  Magnus,  or  the  above  platosamine  hydro- 
chloride, in  aqueous  ammonia  at  a  gentle  heat  The  hydrated  base  is 
obtained  from  it,  as  is  the  preceding  hydrated  base  from  the  preceding 
hydrochloride.  The  so-produced  hydrate  corresponds  in  its  general 
properties  with  the  above  hydrate  of  platosamine,  than  which,  how- 
ever, it  is  fax  moro  powerfully  alkaline.  From  differont  metallic  salts 
it  throws  down  the  rospective  metallic  hydrates. 

Amo-platosamine  salts,  like  those  of  platosamine,  exhibit  the  pla- 
tinous property  of  decolourizing  a  mixture  of  hydrochloric  acid  and 
permanganate,  of  directly  absorbing  chlorine  or  bromine,  and  also  of 
directly  absorbing  nitric  peroxide,  to  furnish  amo-platinio  com- 
pounds.* The  rosulting  amo-platinic  chloro-chlorido  occurs  as  a 
pale  yellow,  the  nitro-chloride  as  a  pale  green,  and  the  nitro-nitrate  as 
a  pale  blue  precipitate.  Amo-platosamine  is  farther  distinguished 
from  platosamine  by  the  free  solubility  of  its  hydrochloride,  and  by 
the  reaction  of  tliis  salt  with  platinous  chloride  solution  to  throw 
down  the  green  salt  of  Magnus. 

Platinic  Compounds, 

The  most  cliaracteristic  of  the  salts  of  platinamine  is  the  chloride 
0UPt""(HtN)«.2HCl.  It  is  best  made  by  addition  of  permanganate, 
in  very  slight  excess,  to  a  hot  Solution  of  platosamine  hydrochloride, 
acidified  with  hydrochloric  acid.  It  is  a  beautiful  bright  yellow  salt, 
diHsolving  sparingly  in  cold,  moderately,  though,  on  account  of  its 
density,  somewhat  dowly,  in  boiling  water ;  and  crystallizing  readily 
on  cooling  in  isolated  octahedrons  or  square  plates.  It  reacts  with 
excess  of  ammonia,  at  a  gentle  heat,  to  form  the  insoluble  cliloride  of 
amo-platinamine.  Its  chlorine,  like  that  of  the  amo-platinic  chloride, 
is  evidently  in  two  differont  conditions  of  attackability  by  reagents, 
such  as  alkalies  and  silver  salts.     The  hydrate  of  platinamine  is  ob- 


*  Tho  reaction  of  amo-platosamine  compounds  with  nitric  peroxide  was  dia- 
coTored  by  Hadow,  but  received  from  him  a  differeDt  inteipretatioQ. 
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liTnwl  from  liie  hjdnto  nilimte,  bj  mwurw  of  ammoDM,  as  a  neiitnl, 
almost  insnihiWe,  Ivi^  jeDow,  crjataDme  ycripitite. 

The  best  known  sb&  of  amo-platinamine  is  tiie  ddaro-mtrato 
CI].Pt"''(NA)..2HN(>^  obteined  by  tmting  die  salt  of  Magnos. 
oar  prefoaU J  tbe  bjdrocUoride  of  amo-platosamine,  with  nitiie  add. 
It  is  moderatelj  sofaihle  in  water,  and  eiystdlijKB  thcad^m 
wiiite  flat  prisms.  Its  chlorine  is  not  immediatel j  leoognixable  b j 
nitrate  of  mlTsr;  and  is  only  paiiiallj  prodpitable  thereby,  e^en  afl» 
long  boiling.  Its  soliition  yields,  with  anmionimn  chloride  and  sodiom 
sulphate,  aystalline  white  precipitates  of  the  chloro-chloride  and 
chloro-solplttte  respectiTely. 

The  most  familiar  salt  of  amo-diplatinamine  is  the  chlorcu^-nitrate 
Cl«OPt,""(H»N«). .  4HN0, .  Aq.  It  is  best  made  by  boiling  the 
chloro-nitrate  or  chloro-chloride  of  amo-platinamine  with  nitric  acid 
and  nitrate  of  silver.  It  presents  considerable  resemblance  to  the 
chloro-nitrate  of  amo-platinamine,  bat  its  solnticm  is  not  disturbed 
either  by  sulphate  of  sodimn  or  chloride  of  ammonium.  It  yields 
moreoyer,  widi  platinous  chloride  solution,  a  moss-like  coppery  preci- 
pitate which  is  highly  characteristic  (Hadow). 

[W.  O.) 


GENERAL  MONTHLY  MEETING, 
Monday,  July  4, 1870. 

Sib  Rodkbick  I.  MuBcmsoir,  Bart  E.C.R  D.C.L.  F.R.S. 

Yice-Presiden^  in  the  Chair. 

Arthur  Balfour,  Esq. 
James  Davenport,  M.D. 
James  Baumgardt  Elmslic,  Esq. 
Captain  Herbert  P.  De  Eantzow,  BJ^. 

were  deeUd  Members  of  the  Boyal  Institution. 

The  Secretary  announced  the  receipt  of  a  Legacy  of  £2000  from 
the  late  Alfred  Dayis,  Esq.  M.B.L  for  the  Promotion  of  Philoso- 
phical  Boeearches. 

Besolykd,  That  the  Members  of  the  Boyal  Institution  cannot  hear 
of  the  munifioenco  of  their  late  fellow-member,  Mr.  Altrbi)  Dayd, 
without  expressing  their  admiration  of  the  liberality  of  one,  who  not 
only  in  his  life  gave  large  gifts  to  help  tho  good  works  of  Jews  and 
Christians,  but  by  his  will  has  oontinned  his  onrostrioted  beno£Mtions 
by  many  noble  legacies. 
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Tho  Members  have  on  varions  oocasionfl  given  iiheir  special  thanks 
to  Mr.  Alfbbd  Davis  for  his  Donations  to  the  Fond  for  the  Promo- 
tion of  Scientific  Besearch,  and  the  appHcation  of  the  interest  of  his 
legacy  to  the  same  good  object  will  yearly  confer  a  fresh  benefit  upon 
the  Members  of  the  Boyal  Institution. 

The  Pbbssnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOK 

Aoad/mie  Rot/ale  de  Bel^'^jni^— Bulletins,  2r  sdrie,  Tomee  XXYIL  XXVIII     8to. 

1869.    Almanach,  1870.    16mo. 
ilffroiiomtbaZ /SbctWy,  JB0ya{---Monthl7  Notices,  Vol.  XX.    Nos.  7,  8.    8yo.   1870. 
Bavarian  Academy  of  Soienoes,  Boyal  —  Sitznngsbericbte,    1869.      Band    n. 

Heft  3, 4.    1870.    Heft  1.    8vo. 
Beauderct  Major  G,  M.B,I,  (the  ^u^Aor)-— Observations  on  the  Authenticity  of  a 

Portrait  of  Mary  Queen  of  Soots.  (K  98)    8yo.    1870. 
Ohemieal  Society— JovanaX  for  June,  1870.    8vo. 
Ckmitaio  Oeologioo  <f  JtoZto— BoUettini,  Kos.  4,  5.    8Ta    Fiiensse,  1870. 
Edilors — ^Academy  for  June,  1870.    4to. 

American  Journal  of  Science,  May,  1870.    8vo. 

Artizan  for  June,  1870.    4to. 

Athenaaum  for  June,  1870.    4to. 

Obemical  News  for  June,  1870.    4to. 

Bln^neering  fiDr  June,  1870.    fbl. 

Horoloncal  Journal  for  June,  1870.    8yo. 

Journal  of  Gras-Id^hting  for  June,  1870.    4to. 

Mechanics'  Magazue  for  June,  1870.    8yo. 

Nature  for  June,  1870.    4to. 

Pharmaceutical  Journal  for  June,  1870.    8yo. 

Photographic  News  for  June,  1870.    4to. 

Revue  des  Cours  Scientiiiques  et  Litt^raires.    June,  1870.    4to. 

Scientific  Opinion.    June,  1870.    4to. 
Franklin  Jiwfrtwte— Journal,  Nos.  531.  532.    8vo.    1869. 
Oeograpkical  Society,  i^oyoZ— Proceedings,  1870,  Na  2.    8vo. 
Qedogical  Institute  Imperial^  Vienna — Jahrbuch,  1870,  No.  1.    8vo. 

Yerhandlungen,  1870,  No.  1.    8vo. 
InetUul  ImpMal  de  France,  Acad^ie  dee  Sciences — ^M^oires,  Tome  XXXVI. 

Tome  XXXVn.  2r  Partie.    4to.    1870. 
Jonei,  H.  Bence,  M,D,  F.R.S.  Sec,  BJ,  —  Report  on  Oattle  Plague  in  Great 

Britain,  1865. 1866,  and  1867.    fol.    1868. 
Linnean  Society — ^Proceedings,  1869-70.    8vo. 
Bogers,  N.  M,D,  Clhe  iltrf^or)— Bibliography.    (K  91)    8vo.    1870. 
Symone,  G,  J,  Esq,  (the  Author) — Scons'  Monthly  Meteorological  Magazine, 

June,  1870.    8vo. 
TyndcM,  Professor y  LL,D.  F,B,8.  (the  Author) — ^Researohee  on  Diamagnotiam  and 
Magne-Grystallio  Action.    8vo.    1870. 

Notes  on  Light    8vo.    1870. 
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GENERAL  MONTHLY  MEETING, 

Monday,  Nov.  7,  1870. 

SiK  HsNRY  Holland,  Bart.  M.D.  D.C.L.  P.R.S.  President, 

in  the  Chair. 

John  Forbes,  Esq.  M.R.C.P.  P.RC.S. 
Thomas  Miller  Rickman,  Esq.  F.S.A. 
The  Rev.  Arthur  Rigg,  M.A. 
Thomas  Taplin,  Esq. 

were  elected  Members  of  the  Royal  Listitution. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

Bequeathed  by  the  laie  Sir  Jamn  South, 

MS.  Notes  by  Mr.  Faraday.    5  vols.    4to. 

Notes  of  Locturcs  by  Mr.  Tatum  at  the  City  Philosophical  Society.    1810-1 1. 
4  vols. 

Notes  of  Lectures  by  Sir  Humphry  Davy.    1  vol.    1812. 
Mr.  Faraday's  IroD  King,  from  which  he  obtained  the  first  Magneto-electric  Spark. 

PreseiUed  by  Dr.  A.  J,  Stephen*^  Q-C.^  Sir  Jame$  SoiUh'$  Execuicr. 
Mr.  Funiday's  First  Electric  Machine. 

FBOM 

Comminioners  in  Lunacy — 24th  Report.    8vo.     1870. 

AeadAnie  Imp&iale  de»  Sciences  de  St.  P^lershourg — ^M^oires.     Vile  gerie,  Tome 
XIV.  Nos.  8,  9.     Tome  XV.  Nob.  1-8.    4to.     1870. 

Bulletins.  Tome  XIV.  Nos.  4.  5.  6.    Tome  XV.  Nofl.  1,  2.    4to.     1870. 

Jahresbericht  des  PhysilDilischen  Gentral-Obflervatoriums  fUr  1869.    4to.   1870. 
Actnariest  Institute  o/— Journal,  No.  81.    8vo.     1870. 

Agricultural  Society  of  England,  Royal — Journal,  Second  Series,  No.  12.  8vo.   1870. 
American  Academy  of  Arts  and  Sciences— Froc&ddin^  Vol.  VIII.  Noe.  1-17.  8vo. 

1868-9. 
American  Philosophical  Sor/e^y— Proceedings,  No.  82.    8vo.    1869. 
American  Academy  of  Natural  Sciewres — ^Proceedings,  1869.    8vo. 
American  Association  for  the  Advancement  of  Scimce — Proceedings,   1868.    8vo. 

1869. 
Anonymous — Ambition's  Dream.    A  Poem.    (0 13)     16mo.     1870. 

Vol.  VI.     (No.  54.)  o 
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Antiquaries,  Society  o/"— Ardhasologia,  Vol.  XLII.  No.  2.    4to.     1870. 

Proceedings,  Vol.  IV.  No.  8.    8?o.    1870. 
A$iatic  Society  of  Bengal— Journal,  Noa.  160,  161,  162.     8vo.     1870. 

Proceedings,  1870,  Nos.  4,  5,  6,  7.    8vo. 
Bavarian  Academy  of  Sdencee,  Royal — Sitzangsberichte.    1870.    Hefte  2,  3.   8yo. 
Bombciy  OeographicaX  Society— TrvLXisBXiixom    Vol.  XIX.    Parti.    8vo.     1870. 
Botton  Society  of  Natural  H  etory,   ?7. 5. —Proceedings,  Vol.  XIL  Noa.  18-25. 
Vol.  XIII.  Nos.  1-14.     8vo.    1869. 

A.  Goul  1,  Invertebrata  of  Massacliuasetts.    8vo.     1870. 
British  Architects,  Royal  Institute  ©/—Sessional  Papers,  1869-70.    No.  13.    4to. 
Bntish  Museum  Trurfee*— Catalogue  of  Fishes.  Vol.  VIII.    8vo.     1870. 

Guides  to  Autograph  Letters,  Minerals,  and  Exhibition  Booms.    8vo.     1870. 

Catalogue  of  Lithophytes.    8vo.     1870. 

Supplement  to  Catalogue  of  Shield  lleptiles.    4to.    1870. 
Chemical  Society — Journal  for  July-Oct.  1870.    8vo. 
Clinical  fifoctcfy— Transactions,  Vol.  HI.    1870. 
Comitato  Oeologico  (TJtoZta— Bollettino,  No.  6.    8yo.    Firenze,  1870. 
DaviSy  Sir  John  F.  Bart.  K,C.B.  F.R  S.  {the  Author}— The  Poetry  of  the  Chinese. 

4to.     1870. 
Editors — American  Journal  of  Science,  July,  Aug.  1870.    8yo. 

Artizan  for  July  to  Oct.  1870.    4to. 

AthensBum  for  Jul^  to  Oct.  1870.    4to. 

Chemical  News  for  July  to  Oct.  1870.    4to. 

Engineer  for  July  to  Oct.  1870.     fol. 

Fowl  Journal  for  Aug.  1870. 

Horolos^ical  Journal  for  July  to  Oct.  1870.    870. 

Journal  of  Gkks-Lighting  for  July  to  Oct.  1870.    4to. 

Quarterly  Journal  of  Science  for  Oct  1870.    8vo. 

Mechanics'  Magazine  for  July  to  Oct  1870.    8vo. 

Pharmaceutical  Journal  for  July  to  Oct.  1870.    8vo. 

Photographic  News  for  JuIj^|o  Oct.  1870.    4to. 
Essex  Institute,  17.  iS.— Proceedings,  Vol.  VL  Part  1.    8vo.     1870. 

Bulletin,  Vol.  I.    8vo.    1869; 
Franklin  Institute  ^Journal  Nos.  533,  534,  535. 536.     8vo.     1870. 
Qeologioal  Institute^  Imperial,  Vienna — Homes,  Fossilen-Molluskon.   II.  9,  10.  fol. 

1870. 
Geological  Soctrfv— Quarterly  Journal.    No.  103,  104.    8vo.    1870. 
Harris,  Q.  Esq,  F.SA,  (the  Author) — Theory  of  the  Arts;  or,  Art  in  relation  to 

Nature,  Civilization,  and  Man.    2  vols.     8vo.     1869. 
Huddersfield  ArciimAogical  Association — Yorkshire  Archs&ological  Journal,  Part  III. 

8vo.     1870. 
Htdl,  n.  M.  Esq.  (the  Author)— TBStD&rn&  in  1870.    (O  14)     16mo.    1870. 
Institution  of  Civil  Engineers — ^Minutes  of  Proceedings,  Vols.  XXIX.  XXX.    8vo. 

1870. 
Ladd,  Mr.  Wm. — T.  Sprat,  History  of  tlie  Boyal  Society  of  London.    (With  the 

rare  print  by  W.  Hollar.)    4to.     1677. 
lAnnean  SociVrfj/— Transactions,  Vol.  XXVI.  Part  4.     Vol.  XXVII.  Parts  1,  2. 
4to.     1870. 

Proceedings,  Nos.  49,  54,  55.    8vo.     1870. 
Lubbock,  Sir  John,  BaH.  M.P.  F.R.S.  M.R.I,  {the  Author)— The  Origin  of  Civili- 
zation and  the  Primitive  Condition  of  Man.    8vo.     1870. 
Mechanical   Engineers*  Institution,  Birmingham — Proceedings,   April  and   Aug. 

Part  L  1870.    8vo. 
Medical  and  Chirurgical  Society^  Royal — Proceedings,  Vol.  VI.  No.  6.    8vo.    1870. 

Modico-Ciiirurgical  Transiictidns,  Vol.  LIII.    8vo.    1870. 
Meteorological  OJice—Qu&rterly  Weather  Beport,  Jan.-Maroh,  1869.    4to.    1870. 
Meteorological  Society — Proceedings.    No.  50.    8vo.     1870. 
Murchison,  Sir  R.  I.  Bart,  {the  ^u/Aor)— Address  to  the  Geographical  Section 
of  the  British  Association.     8vo.     1870. 
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Must'e  Teyler,  Harlem — Archives,  Vol.  III.  Fuac.  1.     8vo.     1870. 
Photographic  Sac iety— J ourntii.     No.  219.     8vo.     1870. 

Preussische  Akademie  tier  Wissensrha/ten — Monatsberiehte,  Mai-July.  1870.     Svo. 
Itoyid  Society  of  />o/j<ion— Proceedings,  Nos.  120,  121,  122.     8vo.     1870. 
SmiUisonian  Insiitntion,  J7.5^.— Annual  Bei>ort.  1868.     8vo.     1869. 
Smithsonian  Contributions  to  Knowledjje,  Vol.  XVI.     4to.     1870. 
Smitlironian  Mis'^ellaneous  Colle^tiond,  Vols.  VIII.  IX.    8vo.     1869. 
Soci^<r  IloUandaise  des  S'jienceSt  Harlem — Archives  Ne'erlandaised  des  Sciences. 
Tome  V.  Liv.  1,  2,  3.     8vo.     1870. 
VorhundelinKcn.     Tome  I.  Liv.  1,  2.    4to.     1870. 
StatifUcal  Soc/e«y— Journal,  Vol.  XXXni.  Parts  2,  3.     8vo.     1870. 
St,  Barthotomew'8  Htttpital,  the  Treasurer— Hospiixl  Report 8,  Vol.  VI.   8vo.    1870. 
Symons,  G.  J.  Esq.  {the  Author ySymoua*  Monthly   Meteorological  Magazine. 

July-Oet.  1870.    8vo. 
Tyndall,  ProfeMor,   LL.D.  FjB.S.— Faraday  und  soine  Ent leckungen,   von   J. 
Tyndall.     Uebersttzung  herauagegeben  durch  H.  Helmholtz.     Svo.     Braun- 
schwei&r  1870. 
United  Service  Inditution,  Royal— JournaX.    Nos.  58,  59.  60.     8vo.     1870. 
Vereins  :ur  Befdrderung  de%  GetDerbJUissee  inPreuasen — ^Verhandlungen,  Juli-Dez. 

1369 :  und  Beilage.  4to. 
Victoria  Institute— ZorxmoX,  Vol.  IV.  No.  16.    Svo.     1870. 


GENERAL  MONTHLY  MEETING, 
Monday,  Dec.  5,  1870. 

William  Spottiswoode,  Esq.  M.A.  F.RS.  Treas.  R.S.  Treasurer  and 

Vice-President,  in  the  Chair. 

John  Colebrook,  Esq.  M.ILC.S. 

Lieut.  William  Cecil  Henry  Domville,  RN. 

Dyce  Duckworth,  M.D.  F.R.C.P. 

Miss  Millicent  Bence  Jones. 

William  Berkeley  Monck,  Esq. 

Thomas  Sydney  Smyth,  Esq. 

Rev.  Charles  Frederick  Stovin. 

were  elected  Members  of  the  Royal  Listitution. 

Lecture  Arrangements  for  the  ensuing  Season  : — 

Prof.  Odliho,  M.B.  F.R.S  —Six  Lectures,  adapted  to  a  Juvenile  Auditory,  On 
Burning  and  Unburning.  on  December  27,  29,  31,  1870 ;  January  3,  5.  7, 
1871. 

Before  Easter,  1871. 

Prof.  Michael  Foster,  M.D.  F.L.8.— Ele?en  Lectures,  On  the  Nutrition  <»f 

Animals,  on  Tuesdays,  January  17  to  March  2S. 
Prof.  Odliso.  F.R.8.— Eleven  Lectures,  On  Davy's  Discoveries  in  Chemistry,  on 

Thursdays.  January  19  ti»  March  80. 
Rev.  W.  H.  Chanhing.  M.A.— Four  Lectures,  On  the  Laws  of  Human  Life  as 

revealed  in  History,  on  Saturdays.  January  21  to  February  11. 
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Prof.  JowETT,  M.A.  Master  of  Balliol  College,  Oxford. — ^Three  Lectures,  On 
Socrates,  on  Saturdays,  February  18,  25,  and  March  4. 

H.  O'Neil,  Esq.  RA. — Four  Lectures,  On  the  Spirit  of  the  Age,  on  Saturdays* 
March  11  to  April  1. 

After  Easier y  1871. 

William  Pengellt,  Esq.  F.B.S. — Three  Lectures,  On  the  Geology  of  Devonshire, 
and  especially  of  the  New  Bed  Sandstone  System,  on  Tuesdays,  April  18, 
2o,  and  May  2. 

Charles  Brooke,  Esq.  M.A.  LL.D.  F.B.S. — Two  Lectures,  On  Force  and  Energy, 
on  Tuesdays,  May  9  and  16. 

Bev.  Prof.  Hauqhton,  M.D.  F.B.8.— Three  Lectures,  On  the  Principle  of  Least 
Action  in  Nature,  illustrated  by  Animal  Mechanics,  on  Tuesdays,  May  23, 30, 
and  June  6. 

Prof.  Tyndall,  LL.D.  F.B.8.— Eight  Lectures,  On  Sound,  on  Thursdays,  April  20 
to  Jane  8. 

Joseph  Norman  Lookyer,  Esq.  F.B.S. — Eight  Lectures,  On  the  Instruments 
used  in  Modem  Astronomy,  on  Saturdays,  April  22  to  June  10. 

Tlie  Pbesents  received  sinoe  the  last  Meeting  were  laid  ion  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : 

FROM 

Bavarian  ^ccuZemy  o/ iSr^ttfnces,  i?oya ^--Sitzunssberichte.     1870.    Hefb.  4.    8vo. 
British  Architects^  lioycU  Indiivte  of — Sessionid  Papers,  1870-71,  Nos.  1,  2.    4to. 
British  Museum  Trustees — Catalogue  of  Prints  and  Drawings.    Division  L  Satires. 
Vol.  L  1320-1689.    8vo.     1870. 

Hand-List  of  Birds.    Part  2.    8vo.     1870. 
Chemical  Society — Journal  for  Nov.  1870     8?o. 
Davies.  Lieut  J.  A.  8,  M.  B.A.   M.B.I,  (the  Author)— On  the  Possibility  of 

*•  Making  Turret-ships  Sea-going  Vessels."    (L  15)    8vo.    1870. 
Devonshire  Association — Keport  and  Transactions,  Vol.  FV.  Part  1.    8vo.     1870. 
JSai<or»— Artizan  for  Nov.  1870.    4to. 

AthensBum  for  Nov.  1870.    4to. 

Chemical  News  for  Nov.  1870.     4to. 

Engineer  for  Nov.  1870.    fol. 

Horological  Journal  for  Nov.  1870.    8vo. 

Journal  of  Gas-Lighting  for  Nov.  1870.    4to. 

Mechanics'  Magazine  for  Nov.  1870.     8vo. 

Pharmaceutical  Journal  for  Nov.  1870.    8vo. 

Photographic  News  for  Nov.  1870.    4to. 
Inditution  of  Civil  Engineers — Education  and  Status  of  Civil  Engineers.    8vo. 

1870. 
Medical  and  Chirurgical  Society,  Boyal — Additions  to  Library,  No.  13.   8vo.  1870. 
Military  Official,  ^— The  British  Army  and  its  Bcserves.    (L  15)    8vo.    1870. 
Boyal  Society — Greenwich  Observations.     1868.    4to.     1870. 

Catalogue  of  Scientific  Papers,  1800-63.    Vol.  IV.    4to.    1870. 

Proceedings,  No.  123.    8vo.    1870. 
Boyal  Society  of  Literature — Transactions,  2nd  Series,  Vol.  IX.  Part  3.   8vo.  1870. 
Symons,  O,  J.  Esq.  {the  Author) — Symons'  Monthly   Meteorological  Magazine, 

Nov.  1870.    8vo. 
Tyndall,  Professor,  LL.D.  F.B.S.  (the  J ti/Aor)— Essays  on  the  Use  and  Limit  of 

the  Imagination  in  Science.    8vo.    1870. 
Vereins  zur  Befdrderung  des  Gewerbfleisses  in  Preuisen — ^Verhandlungen,  Jan.- 
Aug,  1870.    4to. 
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WEEKLY  EVENING  MEETING, 

Friday,  January  20,  1871. 

Sib  Hbnbt  Holland,  Bart  MJ).  D.GX.  F.B.8.  President, 

in  the  Ghair. 

John  Ttndall,  Esq.  LL.D.  FJI.S. 

PKOPEMOK  OF  KATUHAL  PHILOSOPHT  Off  THS  BOTAL  IX8TITUTI0N, 

On  the  Colour  of  Water,  and  on  the  Scattering  of  Light  in  Water 

and  in  Air. 

The  Method  of  Research. 

Bt  the  term  *' scattering"  employed  in  the  title  of  this  discourse 
I  intend  to  denote  the  irregular  reflexion  of  light  from  particles  me- 
chanically suspended  in  water  or  in  air.  Such  particles,  you  know, 
reveal  tbcmselyes  along  the  track  of  a  beam  of  light  when  it  passes 
through  a  dark  room.  Such  a  beam,  wide  at  some  parts  and  power- 
fully concenti-ated  at  others,  is  now  before  yon,  the  space  it  occupies 
bein[;  accurately  revealed  by  the  floating  motes.  We  can  abolish  this 
scattering  either  by  the  withdrawal  of  Uie  light  or  by  the  destruction 
of  the  floating  matter.  I  partially  intercept  this  beam;  the  space 
corresponding  to  the  intercepted  portion  is  dark,  because  there  no 
light  is  scattered.  I  destroy  the  matter  by  burning  it,  and  spaces  of 
darkness  immediately  appear  where  a  moment  ago  we  had  myriads  of 
shining  motes.  These  experiments  are  familiar  to  most  of  you.  To 
see  these  effects  aright,  it  is  necessary  that  the  eye  should  receive 
light  from  the  floating  dust  alone,  which  is  thus  differentiated,  as 
philosophers  say,  from  the  unilluminated  space  around  it.  This  point 
is  easily  illustrated  by  means  of  the  sun-burners  which  illuminate  this 
roi>m.  When  the  gas  is  turned  on  the  track  of  the  beam  sinks  in 
brilliancy ;  when  the  gas  is  turned  off  the  strength  of  the  beam  is 
augmented. 

The  Oran  Eclipse  Expedition. 

During  the  last  two  or  throe  years  I  have  been  looking  much  at 
illuminated  dust,  and  from  what  I  have  heard  or  read  of  that  halo  or 
glory  called  the  corona,  which  is  seen  around  the  sun  during  total 
eclipscR,  I  thought  it  might  be  caused  by  a  kind  of  solar  dust,  cast 
possibly  into  space  by  the  enormous  agitations  and  explosions  to  which 
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tho  sun's  photosphere  is  known  to  bo  subject.  Thoughts  of  this  kind 
— and  they  were  not  the  only  ones — made  me  wish  to  see  the  oorona, 
and  I  therefore  availed  myself  of  the  permission  courteously  granted 
me  to  accompany  the  Eclipse  Expedition  to  Oran.  Every  member  of 
the  expedition  was,  I  believe,  perfectly  prepared  through  previous 
discipline  to  do  his  duty  efficiently,  and  if  the  party  was  defeated  it 
certainly  was  not  through  any  misdeeds  of  its  own. 

From  the  roof  of  the  bastionet  on  which  I  had  placed  the  excellent 
instrument  lent  to  mo  by  my  friend,  Mr.  Warren  de  la  Eue,  I  wit- 
nessed a  very  striking  efifect,  which  connects  itself  with  this  subject  of 
the  scattering  of  light.  When  all  hope  had  vanished,  and  the  darkness 
was  obviously  falling  towards  totality,  I  abandoned  the  telescope  and 
looked  towards  a  distant  ridge,  where  I  knew  the  darkness  would  first 
appear.  At  this  time  a  vast  fan  of  beams,  issuing  from  the  hidden 
sun,  covered  all  the  southern  sky.  These  beams,  as  you  know,  are 
alternations  of  light  and  shadow,  produced  by  cloudlets  of  various 
degrees  of  density,  floating  in  illimiinated  haze.  The  beams  are  really 
parallel,  but  by  the  effect  of  perspective  they  appear  divergent,  like  a 
fan.  The  darkness  took  possession  of  the  ridge  to  which  I  have  re- 
ferred, and  immediately  afterwards  passed  over  the  region  of  the  beams, 
blotting  them  out  as  if  a  sponge  had  been  passed  over  them.  It  then 
took  possession  of  three  successive  patches  of  blue  sky  in  the  south- 
eastern heaven.  I  again  looked  towards  the  ridge  where  the  darkness 
first  appeared.  A  glimmer  like  a  dawn  was  behind  it,  and  immedi- 
ately afterwards  the  fan  of  beams,  which  had  been  for  two  minutes 
obscured,  revived  in  all  its  strength  and  splendour.  The  eclipse  was 
ended,  we  had  been  defeated,  and  nothing  remained  but  to  strangle 
di8apj)ointment  by  taking  up  other  work. 

The  Colours  of  Sea  Water. 

The  colour  of  the  sea  had  long  interested  me,  and  on  my  way  out 
I  collected  a  number  of  bottles  of  water,  with  a  view  to  subsequent 
examination.  But  my  bottles  wore  claret  bottles,  and  I  could  by  no 
nuMins  fool  sure  of  their  purity.  At  Gibraltar,  therefore,  I  purchased 
fifti^ou  white  glass  bottles,  with  ground-glass  stoppers,  and  at  Cadiz, 
on  my  return,  I  secured  a  dozen  more.  These  seven-and-twenty 
l>ottlo8  wore  filled  with  water,  taken  at  different  places  along  the  line 
between  Algeria  and  Spithead. 

And  here  it  is  most  fit  that  I  should  express  my  acknowledgments 
to  Captain  HendtTSon,  tho  commander  of  H.M.S.  '  Urgent,'  who  aided 
mo  in  my  observations  in  every  possible  way.  Indeed,  my  thanks 
are  duo  to  all  tho  officers  for  their  unfailing  courtesy  and  help.  The 
captain  })lacod  at  my  disposal  his  own  coxswain,  a  handsome  intelligent 
fellow  named  Thorogood,  who  skilfully  attached  a  cord  to  each  bottle, 
weighted  it  with  lead,  cast  it  into  the  sea,  and  after  three  sucoessive 
rinsings,  filled  it  under  my  own  eyes.  The  contact  of  jugs,  buckets, 
and  other  vessels,  was  thus  avoided,  and  even  the  necessity  of  pouring 
the  water  out  afterwards  through  the  dirty  London  air. 
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The  process  of  examination  to  which  these  bottles  were  subjected 
after  my  return  to  London  is  in  some  sense  complementary  to  that  of 
the  microscope,  and  may,  I  think,  materially  aid  inquiries  conducted 
with  that  instrument.  In  microscopic  examination  attention  is  directed 
to  a  small  portion  of  the  liquid,  and  the  aim  is  to  detect  the  individual 
suspended  particles.  By  the  method  I  pursued,  a  large  portion  of  the 
liquid  is  illuminated,  its  general  condition  being  revealed,  through 
the  light  scatteried  by  suspended  particles.  Care  is  taken  to  defend 
the  eye  from  the  access  of  all  other  light,  and  thus  defended,  it  be- 
comes an  organ  of  inconceivable  delicacy.  Were  the  water  p^ectly 
free  from  matter,  in  a  state  of  mechanical  suspension,  it  would,  in  my 
opinion,  scatter  no  light  at  all.  The  track  of  a  luminous  beam  could 
not,  I  think,  be  seen  in  such  water.  But  an  amount  of  impurity  so 
infinitesimal  as  to  bo  scarcely  expressible  in  numbers,  and  the  indi- 
vidual particles  of  which  are  so  small  as  wholly  to  elude  the  micro- 
scope, may,  when  examined  by  the  method  alluded  to,  produce  not 
only  sensible  but  striking  effects  upon  the  eye. 

For  the  sake  of  sparing  time,  let  us  direct  our  attention  to  these 
nineteen  bottles,  filled  at  various  places  between  Gibraltar  and  Spit- 
head.  The  results  of  the  examination  of  the  water  in  these  nineteen 
bottles  are  tabulated  before  you.  We  have  first  three  specimens  of 
water,  described  as  green,  a  clearer  green,  and  bright  green,  taken  in 
Gibraltar  Harbour,  at  a  point  two  miles  from  the  harbour,  and  off 
Cabreta  Point.  What  does  the  home  examination  reveal  about  these 
waters  ?  It  says  that  the  first  was  thick  with  suspended  matter,  the 
second  less  thick,  and  the  third  still  less  thick.  The  green  brightened 
as  the  suspended  matter  became  less.  We  now  pass  suddenly  into 
indigo  water.  What  change  does  the  home  examination  here  reveal  ? 
The  water  becomes  suddenly  augmented  in  purity,  for  the  suspended 
matter  has  become  suddenly  less.  Off  Tarifa,  the  deep  indigo  dis- 
appears, and  the  sea  is  undecided  in  colour.  Accompanying  this 
change,  we  have  a  rise  in  the  quantity  of  suspended  matter.  Beyond 
Tarifa,  we  change  to  cobalt-blue,  the  suspended  matter  falling  at  the 
same  time  in  quantity.  This  water  is  distinctly  purer  than  the  green. 
We  approach  Cadiz,  and  at  twelve  miles  from  Uie  city  get  into  yellow- 
green  water ;  this  the  London  examination  shows  to  be  thick  with 
suspended  matter.  The  same  is  true  of  Cadiz  Harbour,  and  also  of  a 
point  fourteen  miles  from  Cadiz  in  the  homeward  direction.  Here 
there  is  a  sodden  change  from  yellow-green  to  a  bright  emerald  green, 
and  accompanying  the  change  a  sudden  fall  in  the  quantity  of  sus- 
pended matter.  Between  Cape  St.  Mary  and  Cape  St.  Vincent  the  water 
changes  to  the  deepest  indigo.  In  point  of  purity,  this  indigo  water  is 
shown  by  home  examination  to  transcend  the  emerald-green  water. 

We  now  reach  the  remarkable  group  of  rocks  called  the  Burlings,* 
and  find  the  water  between  the  shore  and  the  rocks  a  strong  green ; 
the  home  examination  shows  it  to  be  thick  with  fine  matter.     Fifteen 
or  twenty  miles  beyond  the  Burlings  we  come  again  into  indigo  water, 
from  which  the  suspended  matter  has  in  great  i)art  disappeared.    Off 
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Gape  FiniBierrc,  abont  tlie  place  where  the  '  Captain  *'  went  down,  the 
water  becomes  green,  and  the  home  examination  pronounce^  it  to  be 
thicker.  Then  we  enter  the  Bay  of  Biscay,  where  the  indigo  resnmeB 
its  powers,  and  where  the  home  examination  shows  the  greatly  aug- 
mented purity  of  the  water.  A  second  specimen  of  water  taken  from 
the  Bay  of  Biscay  held  in  suspension  fine  particles  of  a  peculiar  kind ; 
the  size  of  them  was  such  as  to  render  the  water  richly  iridescent.  It 
showed  itself  green,  blue,  or  salmon  colour,  according  to  the  direotion 
of  the  line  of  vision.  Looked  at  obliquely  from  the  light  the  water 
was  blue.  Finally,  we  come  to  our  last  two  bottles,  tiie  one  taken 
opposite  St.  Catherine's  Lighthouse,  in  the  Isle  of  Wight,  the  other  at 
Spithead.  The  sea  at  both  these  places  was  green,  and  both  speci- 
mens, as  might  be  expected,  were  pronounced  by  the  home  examinatioa 
to  be  thick  with  suspended  matter. 

Two  distinct  series  of  observations  have  been  thus  brought  before 
you,  the  one  consisting  of  direct  observations  of  the  colour  of  the  sea, 
conducted  during  the  voyage  from  Gibraltar  to  Portsmouth ;  the  other 
conducted  in  our  laboratory  below  stairs.  And  here  it  is  to  be  noted 
that  in  the  homo  examination  I  never  knew  what  water  I  had  in  my 
hands.  The  labels,  which  had  written  upon  them  the  names  of  the 
localities,  had  boon  tied  up  as  you  see  them  here,  all  information  regard- 
ing the  source  of  the  water  being  thus  precluded.  The  bottles  were 
simply  numbered,  and  not  till  all  the  waters  had  been  examined  did  I 
open  the  labels,  and  ascertain  the  locality  and  sea  colours  correspond- 
ing to  the  various  specimens.  I  must,  therefore,  have  been  perfectly 
unbiassed  in  my  home  observations,  and  they  establish  beyond  a  doubt 
the  association  of  the  green  colour  of  sea  water  with  fine  suspended 
matter,  and  the  association  of  the  ultramarine  colour,  and  more  espe- 
cially of  the  black  indigo  hue  of  sea  water,  with  the  comparative 
absence  of  such  suspended  matter. 

The  Causes  of  the  Colours  of  the  Sea, 

Lot  us  clear  our  way  by  a  few  experiments  towards  an  explanation 
of  the  dark  hue  of  the  deep  ocean.*  Colour,  you  know,  resides  in 
white  light,  appearing  generally  when  any  constituent  of  the  white 
light  is  withdrawn.  Here  is  a  liquid  which  colours  a  beam  sent 
through  it  purple,  and  this  colour  is  immediately  accounted  for  by 
the  action  of  the  solution  on  a  spectrum.  It  cuts  out  the  yellow  and 
green,  and  allows  rod  and  blue  to  pass  through.  The  blending  of 
these  two  colours  produces  the  purple.  Does  the  liquid  allow  abso- 
lutely free  passage  to  the  rod  and  blue  ?     No.     It  enfbeUes  the  whole 

*  A  note  written  to  mo  the  22nd  of  October,  by  my  fiiend  Canon  Kingsley, 
contains  the  following;  reference  to  this  point : — "  I  have  never  seen  the  Lake  of 
Gencvii.  but  I  thought  of  tlio  brilliunt,  dazzling  dark  blue  of  the  mid  Atlantic 
under  tne  sunlight,'  and  its  black  blue  under  cloud,  both  so  solid  that  one  might 
leap  off  the  sptinson  on  to  it  without  fear ;  this  was  to  me  the  most  wonderful 
tiling  which  I  saw  on  my  voyage  to  and  from  the  West  Indies."— J.  T. 
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With  it  in  his  hand,  my  assistant,  Thorogood,  occupied  a  boat  fiekstened 
as  usual  to  the  davits  of  tho  '  Urgent,*  while  I  occupied  a  second  boat 
nearer  to  tho  stem  of  the  ship.  Ho  cast  the  plate  as  a  mariner  heaves 
the  lead,  and  by  the  time  it  had  reached  me,  it  had  sunk  a  considerable 
depth  in  the  water.  In  all  cases  the  hue  of  this  plate  was  green,  not, 
of  course,  a  pure  green,  but  a  mixture  of  green  and  blue ;  and  when 
the  sea  was  of  the  darkest  indigo,  the  green  was  the  most  vivid  and 
pronounced.  I  could  notice  the  gradual  deepening  of  the  colour  as 
the  plate  sank,  but  at  its  greatest  depth  in  indigo  water  the  colour  was 
still  a  blue  green. 

Other  observations  confirmed  this  one.  The  *  Urgent  *  is  a  screw 
steamer,  and  right  over  the  blades  of  the  screw  there  was  an  orifice 
called  the  screw-well,  through  which  you  could  look  from  the  poop 
down  upon  the  screw.  The  surfEice  glimmer  which  so  pesters  the  eye 
was  here  in  a  great  measure  removed.  Midway  down  a  plank  crossed 
the  screw- well  from  side  to  side,  and  on  this  I  used  to  place  myself  to 
observe  the  action  of  the  screw  underneath.  The  eye  was  rendered 
sensitive  by  the  moderation  of  the  light ;  and  still  further  to  remove 
all  disturbing  causes.  Lieutenant  Walton  had  the  great  kindness  to 
have  a  sail  and  tarpaulin  thrown  over  tho  mouth  of  tiie  well.  Under- 
neath this  I  perched  myself,  and  watched  the  screw.  In  an  indigo 
sea  the  play  of  colours  was  indescribably  beautiful,  and  the  contrast 
between  the  water  which  had  the  screw-blades  for  a  background,  and 
that  which  had  the  bottom  of  the  ocean  as  a  background,  was  extra- 
ordinary. The  ono  was  of  the  most  brilliant  green,  the  other  of  the 
most  lustrous  ultramarine.  The  surface  of  the  water  above  the  screw- 
blade  was  always  ruffled.  Liquid  lenses  were  thus  formed,  by  which 
the  coloured  light  was  withdrawn  from  some  places  and  concentrated 
upon  others.  The  screw-blades  in  this  case  replaced  the  plate  in  the 
former  case,  and  there  were  other  instances  of  a  similar  kind.  The 
hue  from  an  indigo  sea  was  always  green  at  a  certain  depth  below  the 
surface.  The  white  bellies  of  the  porpoises  showed  t^e  same  hue, 
varying  in  intensity  as  the  creatures  swung  to  and  fro  between  the 
surface  and  the  deeper  water.  In  a  rough  sea  the  light  which  had 
penetrated  the  summit  of  a  wave  sometimes  reached  the  eye.  A  beau- 
tiful green  cap  was  thus  placed  upon  the  wave  when  the  ship  was  in 
indigo  w^ater. 

But  how  is  this  colour  to  be  connected  with  the  suspended  par- 
ticles ?  Take  the  dinner-plate  which  showed  so  brilliant  a  green  when 
thrown  into  indigo  water.  Suppose  it  to  diminish  in  size  until  it 
reached  an  almost  microscopic  magnitude.  It  would  still  behave  sub- 
stantially as  the  larger  plate,  sending  to  the  eye  its  modicum  of  green 
light.  If  the  plate,  instead  of  being  a  large  coherent  mass,  were 
ground  to  a  powder  sufficiently  fine,  and  in  this  condition  diffused 
through  the  clear  sea  water,  it  would  send  green  to  the  eye.  In  fact, 
the  suspended  particles  which  the  home  examination  revealed  in  green 
sea  water  act  in  all  essential  particulars  like  the  plate,  or  like  the 
scrow-blades,  or  like  the  foam,  or  like  the  bellies  of  the  porpoises. 
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When  too  gross,  or  in  too  great  quantity,  the  suspended  particles 
thicken  the  sea  itself  visibly.  But  when  sufficiently  small,  but  not  too 
small,  and  when  sufficiently  diffused,  they  do  not  sensibly  interfere 
with  the  limpid  greenness  of  the  sea  itself.  They  then  require  the 
stronger  and  more  delicate  test  of  the  concentrated  luminous  beam  to 
reveal  their  presence. 

Suspended  Particles  in  Drinking-icater, 

The  method  employed  here,  and  which  is  one  of  extreme  simpli- 
city, may  be  extended.  It  may  of  course  be  applied  to  the  examina- 
tion of  ordinary  water,  and  w^hen  this  is  done  unexpected  results  are 
sometimes  obtained.  Here,  for  instance,  is  a  bottle  of  water  intended 
to  quench  the  lecturer's  thirst,  and  it  would  be  well  for  the  lecturer 
not  to  scrutinize  it  too  closely.  In  the  track  of  the  beam  of  light  it 
simply  reveals  itself  as  dirty  water.  So  you  see  that  we  are  invaded 
with  dirt  not  only  in  the  air  we  breathe,  but  in  the  water  we  drink. 
And  this  water  is  no  worse  than  the  other  London  waters.  Thanks  to 
the  kindness  of  Professor  Frankland,  I  have  been  furnished  with  spe- 
cimens of  the  water  of  eight  London  companies.  They  are  all  laden 
with  impurities  mechanically  suspended.  But  you  will  ask  whether 
filtering  will  not  remove  the  suspended  matter  ?  The  grosser  matter, 
undoubtedly,  but  not  the  more  finely-divided  matter.  Here  is  water 
which  has  been  passed  four  times  through  a  filter  of  bibulous  paper, 
but  it  is  still  laden  with  fine  matter.  Here,  also,  is  a  bottle  kindly 
lent  me  by  Mr.  Lipscomb,  and  passed  once  through  his  charcoal  filter. 
But  the  track  of  tlie  beam  through  it  is  more  luminous  than  through 
air,  because  the  quantity  of  matter  suspended  in  the  water  is  greater 
than  what  is  suspended  in  air.  Here  is  another  specimen  courteously 
sent  to  me  by  the  Silicated  Carbon  Company.  All  the  grosser  matter 
has  been  removed,  but  it  is  thick  with  fine  matter.  Nine-tenths  of 
the  light  scattered  by  these  particles  is  perfectly  polarized  in  a  direc- 
tion at  right  angles  to  the  b€»m,  and  this  release  of  the  particles  from 
the  ordinary  law  of  polarization  is  a  demonstration  of  their  smallness. 
I  should  say  by  far  the  greater  number  of  the  particles  ooncemed  in 
this  scattering  are  wholly  beyond  the  range  of  the  microscope.  They 
are  so  small  that  I  do  not  think  that  any  filter  can  intercept  them.  I 
do  not  want  to  frighten  you  in  any  way,  for  our  drinking-water  may 
be  harmless — it  may  be  only  nasty.  There  is  an  SBsthetic  pleasure  in 
the  drinking  of  a  glass  of  cold  sparkling  water,  and  I  fear  these  expe- 
riments will  destroy  this  pleasure  if  you  ever  enjoyed  it.  And  it  is 
next  to  impossible  by  artificial  means  to  produce  a  pure  water.  Mr. 
Hartley,  for  example,  some  time  ago  distilled  water  while  it  was  sur- 
rounded by  hydrogen,  but  the  water  was  not  free  from  floating  matter. 
Here  is  a  specimen  obtained  from  the  combustion  of  water  in  air,  the 
aqueous  vapour  being  condensed  by  the  polished  sur&ce  of  a  chilled 
silver  basin.  When  shaken  up  it  is  full  of  fluff  and  particles,  coarse 
and  fine.  It  is  so  hard  to  be  dean  in  the  midst  x>f  dirt.  Hero,  how- 
ever, is  an  approach  to  pure  water.    It  is  from  the  Lake  of  Qeney% 
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microflcope.  Tho  microscopo  is  rightly  cmployod  in  dotormining 
the  character  of  tho  indiyidoal  particles  which  aro  revealed  en  masse 
by  the  luminous  beam. 

Drinking-water  from  Chalk  Districts. 

But  is  it  not  possible  to  match  the  water  of  the  Lake  of  Geneva 
here  in  England  ?  Undoubtedly  it  is.  We  have  in  England  a  kind 
of  rock  which  constitutes  at  once  an  exceedingly  clean  recipient  and  a 
natural  filter  of  extraordinary  efficacy,  and  from  which  we  can  obtain 
water  extremely  free  from  mechanical  impurities.  I  refer  to  the  chalk 
formation,  in  which  large  quantities  of  water  are  held  in  store.  Our 
chalk  hills  are  in  most  cases  covered  with  thin  layers  of  soil,  and  with 
very  scanty  vegetation.  Neither  opposes  much  obstacle  to  the  entry 
of  ike  rain  into  the  chalk,  where  any  organic  impurity  which  the  water 
may  carry  in  is  soon  oxidized  and  rendered  harmless.  Those  who 
have  scampered  like  myself  over  the  downs  of  Hants  and  Wilts  will 
remember  the  scarcity  of  water  in  those  regions.  In  fact,  the  rain- 
fiJl,  instead  of  washing  the  surface  and  collecting  in  streams,  sinks 
into  the  fissured  chalk  and  percolates  through  it,  and  when  this  forma- 
tion is  suitably  tapped  we  obtain  water  of  exceeding  briskness  and 
purity.  Here  is  a  large  globe  filled  with  the  water  of  a  well  near 
Tring.  It  is  wonderfully  free  from  mechanical  impurity ;  indeed,  it 
stands  to  reason  that  water  wholly  withdrawn  from  surface  contami- 
nation and  percolating  through  so  clean  a  substance  should  be  pure. 
Sending  a  beam  through  this  glass  of  water  its  purity  is  conspicuous ; 
you  see  the  track  of  the  beam,  but  it  is  not  the  thick  and  muddy 
track  revealed  in  London  waters.  It  has  been  a  subject  much  debated 
whether  the  supply  of  excellent  water  which  the  chalk  holds  in  store 
could  not  be  rendered  available  for  London.  Many  of  the  most  emi- 
nent engineers  and  chemists  have  ardently  recommended  this  source, 
and  have  sought  to  show  that  not  only  is  its  purity  unrivalled  but 
that  its  quantity  is  practically  inexhaustible.  Data  sufficient  to  test 
this  are  now,  I  believe,  in  existence ;  the  number  of  wells  sunk  in  the 
chalk  is  so  considerable  and  the  quantity  of  water  which  they  yield  is 
so  well  known. 

But  this  water,  so  admirable  as  regards  freedom  from  mechanical 
impurity,  labours  under  the  disadvantage  of  being  very  hard.  It  is 
rendered  hard  by  the  largo  quantity  of  carbonate  of  lime  which  it 
holds  in  solution.  The  chalk  water  in  the  neighbourhood  of  Watford 
holds  in  solution  about  17  grains  of  carbonate  of  lime  per  gallon. 
Tbis,  in  the  old  terminology,  used  to  be  called  17  degrees  of  hard- 
ness. Now  this  hard  water  is  bad  for  tea,  bad  for  washing.  It  furs 
your  boilers,  because  the  lime  held  in  solution  is  precipitated  by 
boiling.  If  the  water  be  used  cold  its  hardness  must  be  neutralized 
at  the  expense  of  soap  before  it  will  give  a  lather.  I  remember  being 
struck  by  the  enormous  quantity  of  soap  wasted  in  a  washing  esta- 
blishment in  Hampshire  through  the  hardness  of  the  water.  This  of 
itself  would  seem  an  insuperable  objection  to  the  use  of  chalk  water  in 
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lampB,  conncoted  witli  two  batteries  down-stairs.  I  send  the  beams 
through  both  of  them,  first  permitting  the  globes  themselves  to  act  as 
lenses,  and  afterwards  converging  the  beams  upon  them  with  glass 
lenses.     You  can  judge  of  the  difference  without  any  word  of  mine. 

The  Water  Supply  of  London, 

The  purity  and  goodness  of  this  chalk  water  are  demonstrable,  and 
if  we  like  it  hard  we  can  have  it  hard ;  if  we  like  it  soft  we  can  have 
it  soft.  It  lends  itself  to  our  purposes  with  perfect  flexibility  ;  the 
sole  doubtful  question  is  the  adequacy  of  the  supply  for  three  millions 
of  people.  But  let  us  take  some  common  ground.  On  all  hands  it 
wiU  be  admitted  that  large — I  will  not  say  '*  vast "  quantities  of  this 
beautiful  water  run  to  waste.  Why  should  this  be  permitted?  If 
the  chalk  is  unable  to  supply  the  wants  of  three  millions,  it  is  cer- 
tainly able  to  supply  the  wants  of  a  smaller  number.  Supposing  it 
competent  to  promote  health,  cleanliness,  and  comfort  among  one-thiTd 
of  the  population  of  London,  why  not  apply  it  to  these  uses  ?  Why 
should  a  valuable  treasure  be  lost,  because  it  does  not  possess  three 
times  its  actual  value  ? 

Let  your  expectations  be  as  moderate  as  you  like,  only  make  the 
trial.  That  trial,  of  which  the  success  is  demonstrable,  will  solve  the 
larger  question  whether  the  chalk  is  able  to  supply  the  whole  of 
London.  In  moral  matters  it  is  our  duty  to  realize  our  best  insight. 
Let  us  do  so  here.  By  honestly  doing  what  we  can  with  this  chalk 
water,  we  shall  learn  the  limits  of  our  action.  A  small  good  is  cer- 
tainly within  our  reach,  and  by  accepting  it  we  may  disclose  possibly 
an  incalculable  benefit  to  London. 

[J.  T.] 
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FULLERIAN   ritOFEiMlOR  OF  CHEMUTBT,   ROTAL  IKSTITDTION, 

On  Improvements  in  the  Manufacture  of  Chlorine, 

Ghlobine  gas  was  first  obtained  in  1774  by  the  Swedish  chemist^ 
Scheele,  as  a  product  of  the  action  of  muriatic  acid — or  marine  acid, 
as  it  was  then  called— on  the  black  earthy  mineral  manganese.  In 
accordance  with  the  theoretical  notions  of  the  day,  Scheele  gave  to  his 
newly-discovered  aerial  substance  the  name  dephlogisticated  marine 
acid,  which,  translated  into  the  language  of  tiie  new  Lavoisierian- 
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school,  becamo  soon  afterwards  ozy-mnriatio  acid.     Its  assmnod  con- 
stituiion,  and  relationship  to  mnriatic  aoid  are  indicated  below. 

Muriatic  acid. 


Hydrogen  Chlorine. 


Hydrogen        +        Oxygen.  Mnrium        +        Oxygen. 

^ .- ^  ^ ^^ ^ 

Water.  Hypothetic  dry  mnziatic  acid. 

But  Davy,  in  1810,  showed  that  muriatic  acid  gas  is  a  substance 
wholly  free  from  water,  and  a  definite  compound  of  Scheele's  gas  with 
hydrogen.  Ho  showed  furtlior  that  Scheele's  gas,  the  so-called  ozy- 
muriatic  acid,  was  not  only  incapable  of  fumis^g  oxygen  under  any 
circumstance  whatever ;  but  that,  so  ficur  as  experience  went,  it  was 
altogether  undecomposable.  Bmng  thus  an  undecompounded  and 
apparently  undecomposable  sulistance,  he  proposed  to  regard  it  as  an 
element,  and  to  designate  it,  from  it^  yellowish-green  colour,  by  the 
name  chlorine,  which  it  has  over  since  borne.  After  considerable 
opposition,  especially  on  the  part  of  Berzelius,  who  subsequently, 
however,  became  a  convert,  the  view  of  Davy  at  length  prevailed, 
and  has  ever  since  held  its  ground,  not  indeed  without  occasional 
challenging  from  time  to  time.  Thus  Schonbein,  in  several  of  his 
letters  to  Faraday,  maintained  very  strongly  the  superior  truthfulness 
of  the  original  view  ;  and  still  more  recently  Brodie  has  represented 
the  comparable  units  of  hydrogen  H,,  muriatic  acid  HGl,  and  chlorine 
Cl«,  by  the  symbols  a,  ay,  and  a;^*,  implying  that  the  units  of  muriatic 
acid  and  chlorine  difiFbr  from  the  imit  of  hydrogen  by  a  combination 
of  the  matter  of  a  with  the  matter  of  y^  and  with  the  matter  of  ;^,  re- 
spectively. But  whatever  may  hereafter  prove  to  bo  its  real  nature, 
chlorine  has  hitherto  proved  undecomposable,  and  is  accordingly 
regarded  by  the  generality  of  chemists  as  an  element. 

Coincident  with  the  discovery  of  chlorine  itself  was  the  discovery 
of  its  most  characteristic  property,  that  of  bleaching  vegetable  colours. 
The  petals  and  leaves  of  plants,  infusions  of  their  several  colouring 
matters,  as  well  as  fabrics  dyed  with  the  several  colouring  matters, 
were  found  to  be  rapidly  bleached  when  treated  either  with  chlorine 
gas,  or  with  a  solution  of  the  gas  in  water.  From  the  rapid  action 
of  the  gas  and  its  solution  on  pronounced  vegetable  colours,  Berthollet 
in  1785  conceived  the  notion  that  chlorine  in  one  form  or  other  might 
be  m>cd  with  advantage  commercially  for  the  bleaching  of  calicoes 
and  linens,  tlieretofore  always  bleached  by  a  tedious  exposure  to  air 
and  sunlight.  The  processes  devised  by  Berthollet  for  carrying  out 
the  new  method  of  bleaching  were  introduced  into  Scotland  in  1787, 
and  soon  afterwards  became  extensively  employed.  Woven  fabrics 
were  bleached  by  immersion  in  chlorine  water,  and  paper-pulp  more 
especially  by  exj)06ure  to  chlorine  gas. 

The  bleaching  action  of  chlorine  takes  place  only  in  presence 
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of  water  or  moisture,  and  is  dependent  on  the  property  of  chlorine 
under  suitable  circumstances  to  decompose  water,  by  uniting  with 
its  hydrogen  to  form  muriatic  acid,  and  so  setting  free  its  oxygen,  by 
which  the  bleaching  is  really  effected.  Thus  when  chlorine,  blue 
indigo,  and  water  are  present  together,  the  opposite  tendencies  of  the 
chlorine  to  take  hydrogen,  and  of  the  indigo  to  take  oxygen  from  the 
water,  are  satisfied  by  the  production  of  chloride  of  hydrogen  or 
muriatic  acid  on  the  one  hsmd,  and  of  oxide  of  indigo  or  isatin  on 
the  other,  this  isatin  being  a  soluble  orange-red  non-tinctorial  body : 

CI,  +  H,0  +  C,H,NO  =  2HC1  +  C,H.NO,. 

Thus  bleaching  by  the  action  of  chlorine,  like  bleaching  by  exposure 
to  air,  is  really  an  act  of  oxidation. 

But  the  action  of  chlorine  on  vegetable  &brics  is  not  confined  to 
that  of  bleaching  their  attached  colouring  matter ;  the  fibre  of  the  fabric 
is  itself  liable  to  be  attacked  both  by  the  free  chlorine  and  the  muriatic 
acid  to  which  it  gives  origin.  Hence  it  became  important  to  find  a 
substitute  for  the  free  chlorine  which  should  have,  like  it^  the  pro- 
perty of  liberating  nascent  oxygon  so  as  to  bleach,  but  should  not 
have,  at  any  rate  in  the  same  degree,  the  property  of  oorrosiveness  so 
as  to  destroy.  Such  a  substitute  is  offered  in  the  familiar  compound 
known  as  bleaching  powder,  introduced  into  conmierce  by  the  Messrs. 
Tennant,  of  Glasgow,  in  the  year  179?.  This  substance  is  made  by 
exposing  slaked  lime  to  an  atmosphere  of  chlorine  gas.  The  chlorine 
enters  into  combination  with  the  lime  of  the  slaked  lime,  to  furnish  a 
product  which  in  practice  contains  some  35  per  cent  of  its  weight  of 
chlorine,  and  consists  of  a  definite  compound  of  lime  with  its  own 
weight  of  chlorine,  plus  a  variable  excess  of  slaked  limo  unacted 
upon  : 

CaO  .  11,0  +  CI,  =  CaOCl,  +  H,0. 

Bleaching  powder  occurs  as  a  dry  white  pulverulent  solid,  having 
a  characteristic  smell,  allied  to  but  not  identical  with  that  of  weak 
chlorine.  It  dissolves  considerably  in  water  to  form  a  yeUow-tinted 
liquid,  known  as  bleaching  liquor,  having  a  marked  alkaline  reaction 
from  the  presence  in  it  of  excess  of  lime.  Coloured  goods  immersed 
for  a  longer  or  shorter  time  in  bleaching  liquor  of  greater  or  less 
strength  and  temperature,  gradually  have  their  colouring  constituents 
destroyed  or  oxidated,  the  bleaching  salt  CaOClf,  losing  its  ojygen, 
and  becoming  changed  into  chloride  of  calcium,  CaCC  It  is  ob- 
servable Uiat  the  bleaching  or  liberation  of  nascent  oxygen  from 
bleaching  powder  is  much  slower  than  the  bleaching  or  liberation  of 
nascent  oxygen  by  means  of  free  chlorine ;  to  such  an  extent,  indeed, 
that  for  many  purposes  bleaching  powder  would  be  quite  inapplicable, 
were  it  not  for  the  property  it  has  of  liberating  chlorine  on  acidifica- 
tion, whereby^  still  indirect  but  yet  almost  immediate  oxidation  is 
effected.  Ten  grains  of  bleaching  powder,  for  instance,  mixed  with  a 
Vol.  VI.    (No.  64.)  p 
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little  Bolpharic  or  muriatic  acid,  will  eyolve  some  four  cubic  inches  of 
chlorine  gas : 

OaOCl,  +  H,SO,  =  H,0  +  CI,  +  Ca"SO^. 

The  superior  activity  of  the  chlorine  liberated  by  acidification  of 
bleaching  liquor  to  the  original  bleaching  liquor,  is  taken  advantage 
of  commercially.  Brown  linens,  for  example,  are  first  stooped  in 
weak  bleaching  liquor  with  little  apparent  result,  and  then  **  soured  " 
by  immersion  in  dilute  acid,  whereby  an  immediate  more  or  less  com- 
plete bleaching  is  e£fccted.  Again,  in  what  is  known  as  the  "discharge 
style**  patterns  or  designs  are  printed  with  a  mixture  of  gum  and 
tartaric  or  other  acid,  upon  a  red  or  blue  ground,  and  the  printed 
fabric  passed  through  a  solution  of  bleach.  The  red  or  blue  ground 
withstands  the  feebler  action  of  the  bleach,  but  the  acid  printed 
pattern  becomes  completely  decolorized  by  the  chlorine  set  free 
locally,  as  a  result  of  the  action  of  the  acid  upon  the  bleach.  It  is  to 
this  fckcility  of  management  and  capability  of  being  used  in  diflSsrent 
ways  that  the  great  utility  of  bleaching  powder  and  its  consequent 
enormous  consumption  are  due.  The  amount  of  bleaching  powder 
made  annually  in  Great  Britain  and  Ireland  at  the  present  time  is 
estimated  at  75,000  tons,  representing  at  the  price  of  ten  pounds  a 
ton,  a  value  of  three-quarters  of  a  million  sterling. 

Bleaching  powder  being  formed  by  exposing  slaked  lime  to  an 
atmosphere  of  chlorine,  the  manufacture  of  bleaching  powder  involves 
the  production  of  chlorine.  Indeed,  chlorine  is  produced  at  chemical 
works  almost  exclusively  for  the  manufacture  of  bleaching  powder, 
and  of  one  other  product,  namely,  chlorate  of  potash.  This  latter  is 
made  to  the  extent  of  about  750  tons  per  annum,  having  at  the  price 
of  one  hundred  and  five  pounds  per  ton,  a  value  of  nearly  80,000/. 
sterling. 

The  original  reaction  upon  one  another  of  muriatic  acid  and 
peroxide  of  manganese,  by  which  Scheele  was  led  to  the  discovery  of 
chlorine,  is  the  basis  of  the  manufacturing  process  which  has  ever 
since  been  almost  exclusively  followed.  The  action  consists  essen- 
tially in  the  excessive  oxygen  of  the  peroxide  taking  away  the  hydro- 
gen of  the  muriatic  acid  and  so  setting  its  chlorine  free.  Peroxide  of 
manganese,  more  often  called  simply  manganese,  is  one  of  that  very 
limited  class  of  native  mineral  substances  containing  an  excess  of 
oxygen  ;  the  only  other  similarly  peroxidized  substance  abundant  in 
nature  being  nitre,  in  its  two  forms  of  East  Indian  or  potash-nitre, 
and  Chilian  or  soda-nitre.  Now,  when  muriatic  acid  instead  of  being 
acted  on  by  manganese  is  acted  on  by  nitre,  or  by  the  nitric  acid, 
formerly  known  as  spirit  of  nitre,  produced  therefrom,  the  excessive 
oxygen  of  the  nitre  takes  away  hydrogen  from  the  muriatic  acid  and 
sets  its  chlorine  free.  Thus  by  addition  of  nitric  acid  or  nitre  to 
aqueous  muriatic  acid  a  solution  of  chlorine  is  produced,  recognizable 
in  various  ways,  and  especially  by  its  power  of  dissolving  gold  leaf. 
Now,  although  nitre  or  nitric  acid  is  a  much  more  expensive  oxygenant 
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than  mangancso  it  was  conceived  that  nitric,  acid  might  nevertheless 
be  substituted  with  advantage  for  manganese,  from  tiie  circumstance 
that  after  it  had  given  up  its  excessive  oxygen  so  as  to  liberate  the 
chlorine  of  the  muriatic .  acid,  its  deoxidized  residue  could  readily 
acquire  fresh  oxygen  from  the  atmosphere,  and  so  reproduce  nitric 
acid,  to  be  used  as  an  oxygcnant  over  and  over  again  indefinitely ;  and, 
indeed,  the  nitric  method  of  producing  chlorine  has  for  some  time 
past  been  to  a  limited  extent  in  actual  use. 

With  regard  to  manganese,  however,  until  recently  no  means  have 
been  known  of  causing  its  deoxidized  residue  to  re-acquire  oxygen 
from  the  air,  and  so  become  in  a  condition  to  serve  again  for  the  libe- 
ration of  chlorine.  From  time  to  time,  more  particularly  by  Messrs. 
Tennant  and  Mr.  Wm.  Grossage,  attempts  have  been  made  in  this 
direction,  some  of  them  so  far  successful  as  to  achieve  a  limited  adop- 
tion ;  and  at  length  a  process  of  reviving  the  spent  manganese  residue 
by  effecting  its  aerial  oxidation,  has  proved  a  decided  commercial  suc- 
cess. This  process,  introduced  by  Mr.  Walter  Weldon,  has  the  inci- 
dental advantage  of  doing  away  with  the  discharge  of  the  extremely 
corrosive  manganese  liquor  into  streams  and  watercourses,  whereby 
great  damage  was  frequently  occasioned.  It  consists  substantially 
in  neutralizing  with  chalk,  the  acid  liquor  left  by  the  action  of  the 
muriatic  acid  on  the  manganese,  and  then  pumping  air  through  the 
neutralized  liquor  mixed  with  excess  of  lime.  The  original  acid 
liquor  is  substantially  a  solution  of  chloride  of  manganese  with  per- 
chloride  of  iron,  chloride  of  aluminum,  chloride  of  ^cium,  and  the 
excess  of  chloride  of  hydrogen,  or  muriatic  acid,  employed.  By  neu- 
tralization of  the  acid  liquor  with  chalk,  the  iron  of  the  perchloride 
of  iron  is  precipitated,  and  a  pale  pink  manganous  solution  left.  By 
treatment  of  this  solution  with  mil^  of  lime,  an  almost  white  precipi- 
tate, consisting  of  hydrated  protoxide  of  manganese  with  excess  of 
hydrate  of  lime,  is  thrown  down.  Then  by  blowing  air  through 
the  resulting  thin  sludge,  raised  to  the  temperature  of  140^-160^  F. 
by  injection  of  steam,  oxygen  is  rapidly  absorbed,  and  the  sludge 
rendered  of  a  deep  black  colour.  By  suboidenoe  the  now  black  sludge 
yields  a  dense  deposit,  from  which  the  supernatant  dear  liquid  is 
run  off.  Finally,  the  deposit  in  its  moist  condition,  and  containing  in 
every  cubic  foot  about  four  pounds  weight  of  peroxide  of  manganese,  is 
acted  upon  by  muriatic  acid  in  the  chlorine  stills,  and  the  reeultiiig 
acid  liquid  treated  over  again  in  the  same  way,  and  so  on  indefinitely. 

Already  the  Weldon  process  of  manganese  restoration  is  employed 
and  about  to  be  employed  at  many  large  works,  to  such  an  extent  tiiat 
before  very  long  one-half  of  the  entire  quantity  of  bleaching  powder 
produced  in  the  kingdom  may  be  expected  to  be  made  with  ddorine 
generated  by  means  of  the  restored  manganese.  It  is  noteworthy  that 
tiie  original  pale  precipitate  of  hydrated  protoxide  of  manganese 
undergoes  oxidation  very  imperfectly  save  in  presence  of  a  consider- 
able excess  of  lime,  and  that  the  blaiok  product  finally  obtained  is  not 
simply  peroxide  of  manganese  Mn(\,  bat  a  compound  of  the 
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with  lime,  of  composition  yarying  in  different  instances  between  that 
indicated  by  the  respective  formulaB  CaO.MnOc  and  Ga0.2MnOA 
a  small  portion  of  the  lime  GaO  being  usually  replaced  by  its  equi- 
valent of  protoxide  of  manganese  MnO.  Some  idea  of  the  rapidity  of 
oxidation  effected  under  favourable  circumstances  may  be  gathered 
from  the  following  result.  Of  the  entire  quantity  of  oxygen  contained 
in  175,000  cubic  feet  of  air  blown  into  the  sludge  within  five  hours, 
14*8  per  cent.,  equal  to  rather  more  than  four  hundredweights,  was  ab- 
sorbed in  the  production  of  twenty-two  hundredweights  of  manganese 
peroxide  MnOf  It  is  obvious  that  where  Weldon's  process  is 
carried  out,  what  happens  is  this  : — The  original  peroxide  of  mangan- 
ese first  oxidizes  a  quantity  of  muriatic  acid,  and  sets  free  its 
chlorine.  Then  the  spent  manganese  is  caused  to  acquire  a  fr«sh 
dose  of  oxygen  from  tlie  air,  and  is  used  to  oxidize  a  fresh  quantity 
of  muriatic  acid,  and  so  on  continuously.  Thus,  except  during  the 
first  use  of  the  manganese,  the  muriatic  acid  is  really  oxidized  by 
the  oxygen  of  the  air,  the  manganese  serving  only  as  a  carrier. 
Latterly,  Mr.  H.  Deacon,  of  the  Widnes  Alkali  Works,  has  conceived 
the  idea  of  dispensing  with  the  carrier — that  is  the  manganese — 
altogether.  It  has  been  known  for  some  time  that  when  muriatic 
acid  vapour  mixed  with  air  is  passed  through  heated  tubes,  the  oxygen 
of  the  air  effects  a  partial  oxidation  of  the  muriatic  acid,  setting  free 
its  chlorine ;  but  the  reaction  is  not  sufficiently  complete  to  render  the 
process  commercially  available.  Mr.  Deacon  however  has  ascertained 
that  when  a  mixture  of  air  and  muriatic  acid  vapour,  heated  to  about 
700^  F.,  is  passed  over  a  mass  of  brickwork  that  has  been  steeped 
in  solution  of  sulphate  of  copper  and  afterwards  dried,  an  almost  com- 
plete decomposition  of  the  muriatic  acid  is  effected.  The  copper  salt 
certainly  takes  part  in  the  reaction  as  an  intermediary,  but  in  the 
end  is  quite  unaffected,  the  sole  obvious  result  being  that  the  chlo- 
rine of  the  muriatic  acid  is  set  free  by  the  oxygen  of  the  air,  with  a 
rapidity  which  seems  to  leave  nothing  to  be  desired.  The  nature  of 
the  intermediary  action  exerted  by  the  copper-salt,  so  ingeniously 
made  serviceable  by  Mr.  Deacon,  hai3  not  been  clearly  ascertained.  It 
would  appear,  however,  that  by  two  simultaneous  reactions  taking 
place  continuously  throughout  the  process,  chloride  of  copper  is  ever 
being  alternately  formed  and  decomposed ;  it  being  remembered  that 
chloride  of  copper  gives  off  a  portion  of  its  chlorine  with  much 
facility,  even  by  heat  alone.  The  extreme  result  would  probably  be 
somewhat  as  follows : 

CuQ,  +  O         =  CuO     +  01, 
CuO     +  2HC1  =  OuClj  +  H,0 

Although  this  new  process  has  not  yet  been  worked  on  a  manu- 
facturing scale,  considerable  experience  has  been  acquired  with  re- 
gard to  it,  and  the  difficulties  to  which  it  at  first  seemed  liable  have 
been  successfully  provided  against.     One  inevitable  difficulty  arising 
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from  the  diluted  state  of  the  prodaced  chlorine,  has  proved  to  be  less 
serious  than  was  anticipated.  This  state  of  dilution  is  at  all  times 
considerable;  for  the  chlorine  being  generated  by  the  action  of 
atmospheric  oxygen  on  muriatic  acid,  every  volume  of  chlorine  pro- 
duced even  in  an  absolutely  perfect  working  of  the  process,  must  be 
necessarily  diluted  with  twice  its  volume  of  atmospheric  nitrogen. 
Nevertheless,  according  to  Mr.  Deacon's  experience,  the  diluted  state 
in  which  the  chlorine  is  always  obtained,  has  not  been  found  to 
interfere  with  its  application  to  the  manufacture  either  of  chlorate 
of  potash  or  bleaching  powder.  The  requisite  plant  for  carrying 
out  the  invention  on  a  large  scale  is  now  being  erected  at  Messrs. 
Gaskell  and  Deacon's  works. 

For  experimental  purposes  the  new  process  of  continuous  chlorine 
production  may  be  performed  with  oxygen  instead  of  air.  It  then 
manifests  a  striking  reverse  relationship  to  a  process  of  continuous 
oxygen  production,  in  which  oxide  of  cobalt  acts  as  a  permanent 
intermediary.  In  the  one  experiment  the  gas  goes  in  oxygen  and 
comes  out  chlorine,  muriatic  acid  beiug  decomposed  and  water  formed. 
In  the  other  experiment  the  gas  goes  in  chlorine  and  comes  out 
oxygen,  water  being  decompos^  and  muriatic  acid  formed.  In  the 
presence  of  slaked  lime  to  arrest  the  muriatic  acid,  this  last  reaction 
takes  place  readily  and  completely  below  the  boiling  point  of  water. 

[W.  0.] 


WEEKLY  EVENING  MEETING, 

Friday,  February  3,  1871. 

Sib  Henry  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 

in  the  Chair. 

W.  Spottiswoode,  Esq.  M.A.  Treas.  B.S.  and  BX 

On  some  Experiments  on  Successive  Polarization  of  Light  made  by 

Sir  C.  Wheatstone. 

The  experiments  which  formed  the  subject  of  this  discourse  were  made 
by  Sir  Charles  Wheatstone  some  years  ago,  but  the  pressure  of  other 
avocations  delayed  their  publication.  The  term  ^  Successive  polarisa- 
tion" was  applied  by  Biot  to  denote  the  effects  produced  when  a  ray 
of  polarized  light  is  transmitted  through  a  plate  of  rock  crystal  out 
perpendicularly,  to  the  axis.  The  plane  of  polarization  is  found  to  be 
changed  on  emergence  and  through  a  diffdrent  angle  for  each  homoge- 
neous ray.  The  introduction  of  instrumental  means  for  converting 
the  plane  polarization  of  the  ordinary  apparatus  into  suooessive,  or,  tm 
it  is  more  commonly  called,  circular  poUorization,  and  the  explanation 
of  the  phenomena  Uienoe  arising,  constitute  the  main  purpose  of  the 
communication. 
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Polarized  light  is  distingnished  from  oommon  light  by  the  pre- 
0ence  of  certain  peculiarities  not  ordinarily  found ;  but  the  peculiari- 
ties in  question  cannot  be  discerned  by  the  unassisted  eye,  and  require 
spdcial  instrumental  appliances  for  detection.  A  simple  mode  of 
bringing  light  into  the  condition  in  question  is  by  allowing  it  to  pass 
through  a  plate  of  the  crystal  called  tourmalin,  cut  parallel  to  the 
axis ;  and  if  the  light  bo  then  examined  by  causing  it  to  pass  through 
a  second  similar  plato,  held  parallel  to  the  former  and  caused  to  re- 
volve like  a  wheel  in  its  own  plane,  it  will  be  found  that  the  intensity 
alternately  diminishes  and  revives,  being  zero  for  two  positions  180^ 
from  one  another,  and  a  maximum  for  two  positions  at  90^  from  each 
of  the  former.  Thus  combination  of  tourmalins  constitute  in  &ct  a 
polariscope,  which  in  general  consists  of  two  parts,  counterparts  of 
each  other,  the  first  for  bringing  common  light  into  the  condition  in 
question,  in  other  words  for  polarizing ;  the  sec(»id  for  examining  or 
analyzing  the  light. 

The  explanation  of  this  fundamental  phenomenon  is  as  follows : — 
The  vibrations  upon  which  the  sensation  of  light  depends,  may  in  or- 
dinary light  take  place  in  any  direction  in  a  plane  perpendicular  to 
the  ray.  By  the  process  of  polarization  they  are  all  brought  into  one 
direction,  still,  however,  perpendicular  to  the  ray ;  so  that  throughout 
the  entire  ray  they  lie  in  one  plane.  On  this  account  the  polarization 
here  considered  is  called  plane  polarization.  There  are  other  kinds 
of  polarization,  such  as  circular  and  elliptic,  whose  names  are  derived 
from  the  curves,  or  orbits,  described  by  the  vibrating  particles. 

There  are  also  other  methods  for  producing  plane  polarization 
beside  that  above  described ;  e.  g,  reflexion  at  particular  angles  from 
the  surfaces  of  transparent  media,  transmission  through  parallel  plates 
of  glass,  &c, ;  but  as  they  all  agree  in  reducing  common  light  to  the 
same  condition,  it  is  unnecessary  for  the  present  purpose  to  allude  to 
them  more  in  detail. 

If  a  ray  of  polarized  light  fall  upon  a  plate  of  doubly-refracting 
crystal,  it  is  divided  into  two,  whose  vibrations  lie  in  plimes  perpen- 
dicular to  one  another.  These  rays  traverse  the  crystal  with  different 
velocities,  and  therefore  emerge  with  a  difference  of  phase.  On  enter- 
ing the  analyzer  the  vibrations  of  both  rays  are  resolved  into  one 
plane.  If  the  plane  of  vibration  of  the  analyzer  be  parallel  to  one  of 
those  of  the  crystal,  one  ray  will  be  cut  off,  the  other  will  be  trans- 
mitted without  change.  In  any  other  position  of  the  analyzer  the 
transmitted  portions  of  the  two  rays  will  interfere  so  as  to  produce 
colour ;  and  if  the  analyzer  be  then  turned  through  90°,  the  portion 
of  the  original  light  cut  off  in  the  first  position  will  be  transmitted, 
and  vice  versa. 

Of  this  theory  the  following  are  the  experimental  results : — If  a 
plate  of  doubly-refracting  crystal,  e,  g.  selenite,  be  placed  between  the 
polarizer  and  analyzer,  and  turned  round  in  its  own  plane,  it  will  be 
found  that  in  certain  positions  at  right  angles  to  one  another  no  effect  is 
produced.    These  may  be  called  neutral  positions.    In  all  other  posi- 
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tioQS  tho  field  is  tinted  with  colour,  which  is  most  brilliant  when  the 
plate  has  been  turned  through  45^  from  a  neutral  position.  If  the 
analyzer  be  turned,  the  crystal  remaining  still,  the  colour  will  fieuie, 
and  entirely  vanish  when  the  angle  of  turning  amounts  to  45^.  From 
this  position  the  complementary  colour  will  begin  to  appear,  and  will 
be  brightest  when  the  angle  of  turning  amounts  to  90^.  The  colour 
depends  upon  the  thickness  of  the  crystal,  so  that  by  a  suitable  pro« 
paration  any  arrangement  of  colours  may  be  produced. 

So  far  for  plane  polarization.  The  principle  of  circular  or  suo- 
cessiye  polarization,  as  regards  the  present  purpose,  is  as  follows :  — 

If  two  sets  of  rectilinear  vibrations  lying  in  planes  perpendicular 
to  one  another  meet  and  combine,  the  resulting  vibration  will  be 
curvilinear,  whose  form  and  position  depends  upon  the  difference  of 
phase  of  the  components.  If  the  second  set  be  in  advance  or  in  rear 
of  the  first  by  a  quarter  of  a  wave  length,  the  resulting  vibration  will 
be  circxdar ;  but  the  motion  will  in  one  case  be  direct  (like  the  hands 
of  a  watch),  in  the  other  it  will  be  reverse. 

If  two  sets  of  circular  vibrations  in  opposite  directions  meet  and 
combine,  the  resulting  vibrations  will  be  rectilinear,  and  the  position 
of  its  plane  will  depend  upon  the  difierence  of  phase  of  the  compo- 
nents. If  the  second  set  advance  upon  the  first,  the  plane  of  resultant 
vibration  will  undergo  direct  rotation ;  if  it  recede,  it  will  undergo 
reverse  rotation. 

K  in  such  an  experiment  white  light  be  used,  the  vibrations  of  the 
different  component  prismatic  colours  will  (on  account  of  their  dif- 
ferent wave  lengths)  undergo  different  retaraation ;  and  consequently 
the  resulting  vibrations  will  lie  in  different  planes,  arranged  in  pris- 
matic order.  The  order  will  be  from  red  to  violet,  or  vice  versd^  in 
accordance  with  the  law  stated  above. 

If  a  ray  of  plane  polarized  light  fsJl  upon  a  metallic  reflector,  it 
is  divided  into  two,  whose  vibrations  are  respectively  parallel  and 
perpendicular  to  the  reflector ;  and  the  latter  is  retarded  behind  the 
former  by  a  difference  of  phase  depending  upon  the  angle  of  incidence. 
If  the  plane  of  vibration  of  the  incident  ray  be  inclined  at  an  angle 
of  45^  to  the  plane  of  incidence,  the  two  rays  into  which  it  is  divided 
have  nearly  the  same  intensity.  At  an  angle,  nearly  45^,  which  varies 
with  tho  metal  employed,  but  which  is  perfectly  definite,  the  intensi- 
ties become  accurately  equal.  And  further,  if  the  angle  of  incidence 
have  a  particular  value  dependent  upon  the  nature  of  the  metal  (for 
silver  72^),  the  retardation  will  amount  to  a  quarter  of  a  wave  length. 
These  two  rays,  on  leaving  the  reflector,  will  recombine,  and  in  ac- 
cordance with  the  laws  above  given,  will  in  the  last-mentioned  cir- 
cumstances become  a  circularly  polarized  ray.  Lastly,  the  direction 
of  motion  in  this  circular  ray  will  depend  upon  the  side  on  which  the 
original  plane  of  vibration  is  inclined  to  the  plane  of  incidence  ;  i^ 
when  it  is  inclined  on  one  side,  the  circular  ray  becomes  right-handed, 
then,  when  it  is  inclined  on  the  other,  it  becomes  left-handed. 

Reverting  then  to  the  plienomena  of  doable  refraction  produced 
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by  a  plate  of  crystal  cut  parallel  to  the  axis  on  a  plane  polarized  ray ; 
let  the  crystal  be  placed  in  such  a  position  that  the  planes  of  vibration 
of  the  two  resulting  rays  are  inclined  at  angles  of  45°  on  the  two  sides 
respectively  of  the  plane  of  incidence ;  and  let  there  be  interposed 
between  the  crystal  and  the  analyzer  a  silver  plate  at  an  angle  of  72°  to 
the  direction  of  these  emergent  rays.  Each  of  these  rays  will,  in 
virtue  of  the  principles  enunciated  above,  be  converted  by  reflexion 
into  a  circularly  polarized  ray ;  but  one  will  be  a  right-handed  and 
the  other  a  loft-handed  ray ;  and  the  difference  of  phase  produced  by 
the  doubly->refracting  plate  will  be  undisturbed  by  the  reflexion.  This 
difference  of  phase  depends,  as  is  well  known,  upon  the  wave  length, 
in  other  words,  upon  the  colour  of  the  light.  So  that  the  two  circular 
rays  will  combine  to  form  a  plane  polarized  ray,  whose  plane  of  vibra- 
tion depends  upon  the  difference  of  phase,  t.  e.  upon  its  colour.  And 
if,  Anally,  the  light  be  then  examined  by  an  analyzer  in  the  usual  manner, 
wo  shall  have  all  the  phenomena  of  circular  or  successive  polarization. 

From  what  has  been  stated  above,  it  appears  that  the  direction  of 
motion  in  the  two  circular  rays,  and  consequently  the  order  of  colours 
produced,  dopeuds  upon  the  position  (to  the  right  or  left  of  the  plane 
of  incidence)  of  the  ray  which  has  been  most  retarded  in  the  passage 
through  the  crystal  plate.  If,  therefore,  the  plate  being  in  a  given 
position,  the  colours  appear  in  an  ascending  order,  then  on  turning 
the  plate  through  90°  in  its  own  plane,  or  on  turning  it  over  about  an 
axis  in  the  plane  of  incidence,  the  swifter  and  the  slower  rays  will 
change  position,  and  the  order  of  colours  will  be  reversed. 

The  reversal  of  the  order  of  colour  may  be  exhibited  in  another 
way.  Uniaxal  crystals  are  divided  into  two  classes :  one,  called  positive 
{c,  g,  quartz),  in  which  the  extraordinary  ray  moves  more  slowly  than 
the  ordinary ;  the  other,  called  negative  ( e,  g,  Iceland  spar),  in  which  the 
ordinary  ray  is  the  slowest.  If,  therefore,  a  plate  of  quartz  placed 
>vith  its  axis  at  45°  on  one  side  of  the  plane  of  incidence  give  the 
colours  in  one  order,  a  similar  plate  of  Iceland  spar  similarly  placed 
will  give  them  in  the  reverse  order. 

The  same  principles  apply  to  the  case  of  biaxal  crystals  cut  parallel 
to  a  plane  containing  the  two  optic  axes.  A  ray  of  plane  polarized 
light  transmitted  through  such  a  plate  is  divided  into  two,  whose 
vibrations  respectively  bisect  the  angles  formed  by  the  two  axes ;  the 
line  which  bisects  the  smallest  angle  is  called  the  intermediate  sec- 
tion, and  the  line  perpendicular  to  it  the  supplementary  section ;  and 
the  order  of  the  colours  depends  upon  the  relative  velocity  of  the  two 
rays.  In  solenite  the  ray  whose  vibrations  lie  in  the  supplementary 
section  is  the  slowest ;  in  mica  it  is  the  swiftest.  Hence  these  two 
crystals  will,  all  other  circumstances  being  alike,  give  opposite  orders 
of  colour,  and  may  be  regarded  as  positive  and  negative  respectively, 
like  quartz  and  Iceland  spar. 

The  phenomena  by  which  these  principles  may  be  illustrated  are 
very  numerous  and  varied,  but  are  bettor  seen  than  described. 

[W.  S.1 
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GENERAL  MONTHLY  MEETING, 

Monday,  Feb.  6, 1871. 

Sir  Henby  Holland,  Bart.  M.D.  D.C.L.  F.R.S.  President, 

in  the  Chair. 

Henry  Edward  Colvile,  Esq. 

John  H.  Dallmeyer,  Esq. 

Duncan  Davidson,  Esq. 

Warren  William  De  la  Rue,  Esq. 

James  N.  Douglass,  Esq. 

Mrs.  Gibbs. 

Abraham  Goodall,  Esq.  FJl.C.S. 

Alexander  Macfarlan,  Esq. 

Robert  Turtle  Pigott,  Esq.,  F.R.G.S. 

Robert  Sabine,  Esq. 

Charles  Southwell,  Esq. 

Henry  Stilwell,  Esq. 

Richard  Valpy,  Esq. 

Mrs.  Jacob  Waley. 

were  elected  Members  of  the  Royal  Institution. 

The  special  thanks  of  the  Members  were  returned  for  the  following 

addition  to  ''  the  Donation  Fund  for  the  Promotion  of  Experimental 

Researches  " : — 

W.  D.  Esq.  (5/A  Dcmo/ion)      £.5    5    0 

The  Presents  received  since  the  last  Meeting  were  laid  on  tho 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : 
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WEEKLY  EVENING  MEETING, 
Friday,  Fobruary  10,  1871. 

Sib  Henbt  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  Proeident, 

in  the  Chair. 

E.  J.  Rkkd,  Esq.  C.B. 

On  some  Fallacies  connected  with  Ships  and  Cfuns. 

In  opening  his  discourse  Mr.  Heed  stated  that  the  fallacies  connected 
with  ships,  to  which  he  proposed  to  draw  attention,  grouped  them- 
selves chiefly  about  that  question  of  stability  which  Uie  loss  of  the 
'  Captain '  has  recently  brought  into  so  much  prominence,  and  at  once 
proceeded  to  explain  the  nature  of  statical  stability  and  the  modes  of 
measuring  it. 

In  its  simplest  form  the  stability  of  a  ship  might  be  considered  as 
the  result  of  the  total  weight  of  the  ship  acting  downwards  through 
her  centre  of  gravity,  and  of  her  total  buoyancy  (equal  to  the  weight) 
acting  upwards  through  a  centre  situated  at  a  short  horizontal  dis- 
tance from  it,  this  distance  defining  the  leverage  with  which  either 
force  acted  about  the  other.  The  weight  of  the  ship  being  the  same 
whatever  the  inclination  might  be,  the  distance  in  question,  viewed  as 
a  lever,  or,  in  other  words,  Qie  length  of  the  lever,  might  be  regarded 
as  itself  indicating  the  degree  of  "  righting  force  *'  which  the  ship 
possessed.  The  actual  lengUis  of  these  levers  were  given  by  Mr.  Beed 
for  the  '  Captain '  for  all  degrees  of  inclination  at  intervals  of  7  degrees, 
and  were  as  follows : — 


At    7  degrees  its  length  was  4^  ins. 

At  35  df 

>grc 

M      ^^                M                                       >»                   ^\       J» 

:       „  42 

»» 

,,  21        ,.                   „        lOJ    „ 

„   49 

»» 

i»   28        „                   „        10      „ 

„  54J 

>» 

,»  2      „ 

„         ml. 


It  will  here  bo  seen  that  the  length  of  the  righting  lever,  which 
Mr.  Reed  spoke  of  as  the  ^'  Arm  of  Safety  "  of  the  ship,  increased  up 
to  21  degrees  of  inclination,  and  then  began  to  decrease,  the  cause  of 
this  boiug  next  explained,  and  shown  to  result  solely  from  the  lowness 
of  the  freeboard.  All  the  time  the  ship  had  bulk  to  immerse  on  the 
depressed  side  the  buoyancy  went  on  increasing  on  that  side,  and  the 
lever  in  question  lengthened.  When  she  had  no  more  side  to  immerse, 
but  was  still  inclined  farther  by  the  wind,  the  ship  began  to  sink 
lower  in  the  water,  and  re-immerse  the  opposite  side,  and  consequently 
the  buoyancy  was  gradually  transferred  back  to  that  side,  the  lever 
meanwhile  shortening,  and  the  power  of  the  ship  to  resist  the  wind 


At  35  degrees  its  length  was  2lf  ins. 
»»  *2        „  „  22     „ 
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diminifihing.  The  "Arm  of  Safety"  consequently  never . reached  a 
greater  length  than  10|  inches,  became  only  b\  inches  at  42  degrees, 
and  disappeared  at  54^.  This  state  of  things  was  then  compared  with 
that  of  the  ^Monarch.  The  lengths  of  the  corresponding  ^levers  in 
her  were  given  as  below : — 

At   7  degrees  its  length  was  4    ins. 

>»   21         „  »,        12J    „ 

»»  28        „  „        18J    „  „   54J      „  ^  17J    „ 

In  this  ship,  therefore,  the  "Arm  of  Safety,'*  which  is  rather  less 
than  the  *  Captain's  *  at  small  angles  of  inclination,  instead  of  shorten- 
ing like  hers  when  only  10^  inches,  goes  on  lengthening  to  very 
nearly  doable  that  amount,  attaining  its  maximum  only  at  about 
40  degrees,  where  the  *  Captain's  *  leverage  was  rapidly  disappearing ; 
and  there  the  'Monarch'  possessed  double  the  greatest  amount  of 
stability  which  the  *  Captain '  ever  possessed.  ]y£r.  Beed  remarked 
that  these  figures  fulfilled  the  double  purpose  of  showing  that  the  two 
ships  were  remarkably  alike  in  stability  all  the  time  the  low  freeboard 
did  not  interfere;  but  as  soon  as  that  began  to  play  its  part,  the 
resemblance  between  them  ceased  altogether.  He  next  proceeded  to 
show  the  unfitness  of  the  low-sided  ship  to  have  her  stability  substan- 
tially corrected  by  ballast,  although  a  high-sided  ship  could  readily 
have  a  deficiency  of  stability  made  good  by  these  means.  In  illus- 
trating this,  he  compared  the  stability  of  the  '  Captain,'  with  400  tons 
of  water-ballast  admitted  into  her  double  bottom,  with  that  of  the 
'Vanguard'  class,  with  their  iron  ballast,  as  now  equipped — about 
860  tons  in  amount.  The  introduction  of  the  '  Captain's '  ballast  so 
far  improved  her  as  to  lengthen  her  "  Arm  of  Safety "  by  a  small 
amount  at  all  degrees  of  inclination,  but  it  left  the  general  character 
of  her  curve  of  stability  unaltered.  In  the  case  of  the  '  Vanguard,'  on 
the  other  hand,  her  leverage  of  safety  went  on  increasing  up  to  great 
angles,  becoming  greater  even  than  the  *  Monarch's,'  and  presenting 
the  very  opposite  condition  to  that  of  the  'Captain.'  In  all  the 
aspects  of  statical  stability  the  '  Captain '  therefore  stood  alone,  and 
bears  no  analogy  or  relation  whatever  to  either  the  '  Monarch  *  or  the 
broadside  ironclads.  Mr.  Beed  next  explained  by  what  means  the 
stability  of  ships  is  increased,  and  stated  that  such  on  arrangement  of 
weights  might  be  made  as  to  lower  the  centre  of  gravity  and  give  to  a 
ship  of  the  '  Captain's '  type  a  greater  degree  of  safety  than  she  pos- 
sessed, but  that  it  was  not  possible  without  exact  calculations,  based  on 
specific  designs,  to  say  how  low  in  freeboard  it  would  be  safe  to  go 
with  a  given  spread  of  canvas.  He  incidentally  remarked  that  as  a 
matter  of  fact  the  '  Captain's '  centre  of  gravity  was  much  lower  than 
that  of  several  ironclads,  giving  the  following  figures : — 

*  Minotaur,'  distance  of  centre  of  gravity  below  load  water  line  . .  1  '99 

*  Valiant,*               .,                            „                            „  ..1-89 

*  Achilles,'               „                             „                             „  ..1-51 

*  Captain,'               „                            „                            „  ..3-25 
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It  might,  nevertheless,  have  been  placed  lower  if  the  necessity  for 
doing  so  had  been  foreseen.  On  the  other  hand,  changes  involving  a 
raising  up  of  great  weights  would  have  been  essential  in  a  new  ship 
of  the  type,  because  on  the  eve  of  the  loss.  Captain  Coles  admitted  to ' 
the  Conunander-in-Chief  that  the  guns-  and  turrets  of  the  ship  were 
much  too  low.  Mr.  Eeed  next  explained  the  nature  of  dynamical 
stability,  and  how  it  was  measured,  and  discussed  the  effects  first  of  a 
rising  wind,  and  then  of  gusts  and  squalls,  upon  ships  under  canvas. 
He  showed  that  when  inclined  to  14  degrees  the  *  Monarch '  had  dyna- 
mical stability  remaining  to  enable  her  to  resist  a  squall  of  sufficient 
force,  if  continued,  to  hold  her  over  to  an  angle  of  20  degrees  or  more, 
and  even  then  to  have  a  large  reserve  of  stability  still  in  store.  The 
'  Captain,*  on  the  other  hand,  was  without  any  such  reserve,  and  would 
necessarily  roll  over  imder  such  a  squall.  Exact  calculations  only 
could  show  what  reserve  of  force  a  ship  had,  and  all  these  calculations 
affecting  the  *  Captain  *  have  been  made  from  drawings  of  the  ship  as 
built  since  her  loss.  The  necessity  for  them  was  not  foreseen  in  the 
proper  quarter.  This  portion  of  the  lecture  concluded  with  a  brief 
discussion  of  the  effect  of  waves  upon  ships  sailing  under  canvas,  and 
of  the  extreme  difference  between  such  ships  when  with  sails  and  with- 
out, showing  how  little  doubt  the  '  Captain's  *  loss  need  cast  on  the 
nnmastcd  monitors  of  the  navy. 

Another  fallacy  which  also  related  to  the  question  of  stability,  but 
which  the  speaker  considered  extremely  imscientific,  and  almost 
puerile,  is  that  which  attributes  certain  danger  to  the  existence  in  a 
ship  of  a  double-bottom  divided  into  watertight  cells  or  compartments. 
Gentlemen,  whose  names  and  whose  very  professions  he  refrained 
from  mentioning,  had  published  papers  in  which  the  doctrine  is  laid 
down  that  a  cellular  bottom  is  radically  and  necessarily  dangerous ; 
and,  unhappily,  such  writings  have  in  these  days  an  influence  which 
every  man  of  science  must  deplore.  It  is  difficult  to  treat  such 
opinions  with  any  respect,  but  the  speaker  endeavoured,  in  a  few 
sentences,  to  illustrate  their  irrationality.  He  thought  the  best  way 
to  proceed  was  to  assume  that  the  logical  way  of  remedying  any  evil 
which  may  attend  the  presence  of  two  bottoms  will  be  to  remove  one 
of  them.  He  first  supposed  the  inner  bottom  of  the  '  Captain '  to 
have  been  removed,  and  inquired  what  effect  this  would  have  upon  the 
ship.  To  his  mind  the  effect  was  obvious.  This  inner  bottom  being 
8ub8tantially  constructed  of  iron,  is  of  very  considerable  weight,  and 
the  removal  of  this  weight  from  the  very  bottom  of  the  ship  would 
have  had  the  certain  effect  of  raising  the  centre  of  gravity,  diminish- 
ing the  stability,  and  capsizing  the  ship  all  the  earlier.  There  cannot 
be  a  doubt  on  the  question.  If  it  should  be  said  that  by  removing 
this  bottom  the  means  would  have  been  afforded  of  placing  the  en- 
gines, boilers,  and  other  weights  lower  do^yi^  in  the  ship  than  they 
could  be  placed  while  the  inner  bottom  existed,  he  would  answer  that 
this  line  of  argument  is  based  upon  a  total  misapprehension.  It 
assumes  that  the  weights  of  the  *  Captain '  and  other  ironclads  were 
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nnayoidably  placed  objectionably  high,  because  of  the  existence  of  the 
donble  bottom.  The  very  contrary  is  the  case.  The  distance  between 
the  double  bottoms  has  been  made  great  in  recent  ironclads  expressly 
to  facilitate  the  raising  of  the  engines,  boilers,  and  other  weights, 
because  it  has  been  ascertained  that  the  tendency  of  ships  to  roll  has 
been  reduced  by  this  means.  GeneraUy  speaking,  it  may  be  with 
confidence  stated  that  the  centre  of  gravity  of  an  ironclad  can  be 
placed  at  any  requisite  height  within  moderate  limits,  whether  she 
have  one  bottom  only  or  two.  Next,  he  supposed  the  outer  bottom  of 
the  '  Captain '  removed.  One  effect  of  this  would  be  to  raise  her  aj>60- 
lute  centre  of  gravity  considerably,  and  another  would  be  to  immerse 
her  at  least  two  feet  more  in  the  water,  and  to  reduce  her  freeboard 
by  that  amount.  He  need  not  say  that  under  such  conditions  the 
^  Captain '  would  have  been  a  much  worse  ship  than  she  actually  was. 
The  truth  is,  no  real  objection  exists  to  the  double  bottom  in  large 
ironclads  ;  on  the  contrary,  it '  possesses  inmiense  advantages.  Only 
those  who  have  some  fantastic  notions  on  the  subject,  and  who  are 
incapable  of  grasping  scientific  problems  as  a  whole,  ding  to  such 
fallacies  as  these. 

The  fallacies  connected  with  guns,  which  Mr.  Eeed  adverted  to, 
led,  in  his  view  of  the  matter,  to  serious  disadvantages.  He  considered 
that  any  and  every  argument  which  led  to  the  use  in  the  present  day 
of  bronze  as  a  material  of  gun  manufacture  was  fallacious ;  and  he 
discussed  the  reasons  for  believing  that  our  service-guns  were  deficient 
in  twist  of  rifling,  owing  to  the  use  of  the  stud  system  of  giving 
rotation,  and  that  consequently  long  projectiles,  which  would  be  very 
useful  for  naval  purposes,  could  not  be  fired  from  them. 

[E.  J.  E.] 
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James  N.  Douglass,  Esq. 

ENOIKKER  OF  THE  TRnrrTT  HOUSR| 

On  the  Wolf  Bock  Lighthouse, 

The  Wolf  is  a  rugged  rock,  overflowed  by  the  sea  at  high  water,  and 
situated  about  nine  miles  south-west  of  the  Land's  End.  It  is  about 
176  feet  in  length,  and  150  feet  in  breadth  at  low  water  of  spring 
tides.  Its  highest  part  is  17  feet  above  low  water,  and  is  covered 
2  feet  at  high  water  ;  it  is  composed  of  a  hard,  dark,  felspathic  por- 
phyry. The  surface  is  rugged,  rendering  a  landing  upon  it  at  all  times 
difficult.     The  depth  of  water  close  to  the  rock  is  about  20  fathoms 
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on  all  sides,  except  towards  the  south-east,  where  a  shoal  extends  for 
a  considerable  distance,  having  only  4^  to  5  fathoms  on  it  at  low 
water,  at  a  distance  of  a  cable's  length  from  the  Wolf.  At  a  dis- 
tance of  1  mile  from  the  rock  the  depth  of  water  on  this  reef  is  about 
14  fathoms,  but  in  eyery  other  direction  around  the  Wolf  the  depth 
is  not  less  than  34  fathoms. 

Between  the  periods  of  high  water  and  the  following  low  water, 
the  tidal  stream  runs  south-easterly,  southerly,  and  south-westerly, 
whereas  from  low  water  to  the  succeeding  high  water  it  sets  north- 
westerly, northerly,  and  north-easterly.  This  peculiarity  is  supposed 
to  extend  to  a  radius  of  about  4  leagues  from  the  rock.  Situated  as 
the  Wolf  Rock  is,  in  deep  water,  and  exposed  to  the  full  force  of  tbe 
Atlantic  Ocean,  a  terrific  sea  falls  upon  it,  as  may  easily  be  surmised, 
and  of  which  there  are  abundant  proofis. 

The  term  "  Wolf"  appears  to  be  quite  modem ;  it  is  spelt  on  old 
maps  of  the  time  of  Queen  Elizabeth  and  of  Charles  II.  the  "  Gulph  " 
Bock.  It  is  currency  reported  in  Cornwall  that  an  attempt  was 
once  made  to  plant  on  its  summit  the  figure  of  an  enormous  wolf, 
constructed  of  copper,  hollow  within,  and  so  constructed  that  the 
mouth  receiving  the  blasts  of  the  giJe  should  emit  a  loud  hoarse 
sound,  to  warn  the  seaman  of  his  peril.  The  project,  however,  was 
rendered  abortive  by  the  violence  of  the  elements. 

In  the  year  1795  a  stone  lighthouse  on  the  Longships,  close  to  the 
Land*s  End,  and  iron  beacons  on  the  Wolf  and  RuncQestone  Bocks, 
were  erected  under  licence  granted  to  the  Honourable  Corporation  of 
the  Trinity  House.  The  b^on  on  the  Wolf  consisted  of  a  pole  of 
wrought  iron,  sunk  into  the  rock,  and  supported  by  six  wrought-iron 
stays ;  the  mast  and  stays  being  secured  in  the  rock  with  lead.  This 
beacon  and  a  similar  one  on  the  Bundlestone  Bock  were  soon  swept 
away  by  the  violence  of  the  sea. 


Stevenson*8  Tower, — There  is  reason  to  suppose  that  the  question 
of  building  a  lighthouse  on  this  rock  was  a  subject  of  discussion 
between  the  Admiralty  and  the  late  Mr.  Bobert  Stevenson,  Engineer 
to  the  Commissioners  of  Northern  Lighthouses,  as  early  as  the  year 
1823,  as  a  plan  exists  of  a  stone  structure  designed  for  the  purpose,  of 
that  date.  This  was  estimated  to  require  fifteen  years  to  build,  at  a 
cost  of  150,000Z.  The  large  amount  of  this  estimate  was  probably  the 
reason  of  the  idea  being  abandoned  and  a  beacon  being  proposed 
instead,  which  was  afterwards  erected.  The  use  of  stetmi  and  the 
general  progress  in  science  and  art  has  reduced  the  outlay  in  time  and 
money  on  such  works  very  considerably  since  the  above  date. 

During  the  years  1836  to  1840,  the  Trinity  House  erected  a  second 
iron  beacon,  designed  by  their  engineer  the  late  Mr.  Jas.  Walker ;  this 
beacon  consisted  of  a  cast-iron  cone,  12  feet  diameter  at  the  base,  and 
22  feet  high,  filled  solid  with  masonry,  and  surmounted  by  a  mast  and 
ball.    The  difficulties  of  the  undertaking  may  be  estimated  from  the 
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number  of  hours  actually  worked  on  the  rock  during  each  season, 
which  were  in 

Season. 

1836 only   ..      ..  39J  hours. 

1837 65       „ 

1838 85       „ 

1839 68J     ,. 

1840 44J     „ 

Making  a  total  of  ..  302} 

or  only  30  i  working  days  of  ten  hours  each,  during  the  five  years. 
This  beacon  was  executed  at  a  cost  of  11,2982.  The  mast,  which 
was  of  selected  English  oak,  12  inches  in  diameter,  was  carried  away 
during  the  following  winter;  this  was  replaced  by  one  of  wrought 
iron.  This  mast  was  again  carried  away  during  a  storm  in  1844. 
Another  mast,  larger  in  diameter,  was  fixed,  having  on  it  a  smaller 
ball.  This  was  also  carried  away  in  1848.  A  fourth  mast  of  the  same 
dimensions,  but  with  a  ball  still  smaller  in  diameter,  was  fixed  ;  this 
withstood  the  force  of  the  sea  until  it  was  taken  down  during  the 
progress  of  the  construction  of  the  present  lighthouse. 

Bundlestone. — The  Eundlestone  Bock  is  about  8  miles  from  the 
Wolf  and  one  mile  from  the  shore ;  it  is  only  17£  feet  in  length  and 
8|  feet  in  breadth  at  low  water  of  spring  tides,  and  the  highest  part 
is  only  8,^  feet  above  low  water.  The  only  available  space  for  a 
beacon  on  this  rock  is  about  4  foot  square.  The  rock,  which  is  com- 
posed of  hard  grey  granite,  forms  part  of  a  very  dangerous  group  of 
shoals.  A  second  iron  beacon  was  erected  on  this  rock  under  great 
difficulty  by  my  father  in  the  years  1841  to  1843.  The  iron  mast  of 
this  beacon  was  carried  away  during  a  storm  in  October,  1844.  In 
the  following  January,  and  before  any  repairs  could  be  effected,  the 
cone  was  struck  by  a  vessel  and  torn  away.  The  vessel,  seriously 
damaged,  fortunately  succeeded  in  getting  into  the  port  of  Hayle.  The 
beacon  was  reinstated  during  the  following  summer,  when  the  globe 
was  reduced  in  size.  This  held  on  until  the  winter  of  1854,  when  it  was 
carried  away  during  a  heavy  storm.  In  the  year  1856  it  was  again 
reinstated  under  my  superintendence,  but  during  a  severe  storm  in 
the  succeeding  winter  it  was  again  carried  away.  This  danger  is 
now  efficiently  guarded  by  an  iron  bell  buoy,  designed  by  me  for  the 
Trinity  House.  The  bell,  weighing  3  cwt.,  is  fixed  on  a  wrought-iron 
stand  attached  to  the  deck,  and  is  sounded  by  four  long  pendulum 
clappers,  which  are  Y-shaped,  thus  having  two  points  of  suspension, 
and  rendering  the  use  of  the  ordinary  guides  unnecessary.  The 
length  of  the  swing  of  the  clappers  is  limited  by  india-rubber  buffers. 
The  buoy  is  constructed  with  a  central  cylindrical  water-tight  com- 
partment largo  enough  to  float  the  buoy  in  the  event  of  a  vessel 
running  foul  of  it  and  driving  in  the  outer  plating.  Several  of  these 
buoys  are  now  in  use  and  some  have  been  seriously  damaged,  but  in 
no  instance  has  one  of  these  been  sunk. 
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Dovetailing, — In  considoration  of  the  exposed  position  of  the  work, 
it  was  determined  to  dovetail  each  face  stone  both  yerticallj  and 
horizontally,  in  accordance  with  the  system  suggested  by  my  father, 
and  first  adopted  at  the  Hanois  Lighthouse,  Guernsey.  It  consists  in 
having  a  raised  dovetailed  band  3  inches  in  height,  on  the  top  bed 
and  one  end  joint  of  each  stone ;  a  corresponding  dovetailed  recess  is 
cnt  in  the  bottom  bed  and  end  joint  of  the  adjoining  stones,  with  jost 
sufficient  clearance  for  the  raised  band  to  enter  it  freely  in  setting ; 
immediately  the  cement  has  hardened,  the  stone  is  so  firmly  secured 
to  the  adjoining  stones  as  to  be  nearly  equal  in  strength  to  solid 
granite.  This  system  of  dovetailing  also  affords  great  protection  to 
both  horizontal  and  vertical  joints  against  the  wash  of  the  sea  when 
the  work  is  first  set. 

An  ingenious  system  of  dovetailing  and  cramping  was  adopted 
by  Smeaton  at  the  Eddystone  Lighthouse.  The  chief  defect  that  was 
found  in  this  was  the  want  of  a  perfect  waternstop  in  the  horizontal 
joints.  An  improved  system  of  slate  joggling,  also  very  ingenious, 
was  adopted  by  the  late  Mr.  Walker.  TMs  was  found  to  be  rather 
complicated  in  practice,  and  from  the  number  of  pieces  required  for 
securing  a  single  stone,  the  work  of  setting  the  masonry  was  retarded. 
In  addition  to  the  security  afforded  by  the  dovetailing,  each  stone  of 
the  first  and  second  courses  was  secured  to  the  rock  by  strong  bolts 
of  yellow  metal,  and  each  h^e  stone  of  the  third  to  twentieth  courses 
inclusive  was  secured  to  the  course  below  in  the  same  manner.  For 
the  inside  stones  galvanized  steel  bolts  were  used.  All  the  holes  for 
the  bolts  were  bored  in  the  workyard;  and  so  accurately  was  this 
executed,  that  no  instance  occurred  where  the  lower  part  of  a  hole 
was  found  to  be  out  of  position  for  properly  inserting  and  wedging 
up  the  bolt  at  the  rock.  The  masonry  to  the  level  of  high-water 
spring  tides  was  set  in  fresh  Medina  Boman  cement,  mixed  with 
an  equal  portion  of  clean  sharp  sand ;  the  remainder  of  the  work  was 
set  with  the  best  Portland  cement,  mixed  with  sand  in  the  same  pro- 
portion. 

In  spite  of  the  precautions  taken  for  the  security  of  the  stones  in 
the  lower  portion  of  the  building,  thirty-four  stones  of  the  5th  course 
(which  course  it  was  found  impossible  to  complete  at  the  end  of  the 
season  of  1865)  wore  carried  away  during  a  heavy  storm  which  raged 
on  the  24th  and  25th  of  November  of  that  year.  It  is  supposed  that 
the  damage  was  caused  by  a  fioating  wreck,  as  marks  of  the  cutting  of  a 
chain  over  the  edge  of  the  masonry  were  observed  when  an  inspection 
could  be  made.  It  was  also  ascertained,  soon  after  the  storm,  that  the 
ship  *  Star  of  England/  of  1544  tons  register,  from  Calcutta,  bound  to 
London,  was  nearly  lost  thero  during  the  storm  ;  and  the  vessel,  which 
was  said  to  have  been  within  100  yards  of  the  rock  on  the  weather 
side,  was  only  canted  clear  of  it  by  cutting  away  her  mizen-mast.  It 
was  therefore  concluded  that  this  mast  with  its  gear  must  have  driven 
against  the  masonry,  and  caused  the  damage. 
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adjusted  to  size  and  curvatare  on  a  gauge-block  ;  they  are  afterwards 
fitted  and  riyeted  together,  each  pair  of  quadrilateral  panels  fishing 
the  junctions  of  the  frames  above  and  below  them,  and  thus  forming 
a  rigid  framing  of  nearly  uniform  sectional  area  and  strength  through- 
out the  lantern  for  the  support  of  the  plate-glass.  The  glazing,  which 
is  half-inch  thick,  is  carefully  bent  to  the  required  cuirature  and  fitted 
to  standard  templates,  thus  ensuring  optical  accuracy  and  the  perfect 
fitting  of  any  pane  throughout  the  luitem.  With  the  cylindrical 
glazing  of  this  lantern  fiie  light  sent  from  a  dioptric  apparatus 
always  falls  nearly  normally  upon  the  internal  surface,  consequently 
the  usual  scattering  of  a  portion  of  this  light  by  reflexion  with 
lanterns  glazed  with  flat  glass  is  to  a  considerable  extent  prevented. 
The  curvature  of  the  glass  also  affords  additional  strength  for  re- 
sisting storms.  I  have  found  from  actual  experiment  that  this  addi- 
tional strength  compared  with  the  ordinary  flat  glazing  amounts 
to  58  per  cent  I  would  here  desire  to  record  the  very  kind  and 
valuable  advice  and  assistance  I  received  from  the  late  Professor 
Faraday  in  conducting  the  necessary  experiments  for  determining  the 
exact  form  and  arrangement  of  the  friuning  of  those  lanterns ;  also 
the  careful  investigation  of  the  subject  that  was  afterwards  made  for 
the  Trinity  House  by  Professor  Tyndall  before  these  lanterns  were 
finally  adopted  by  them. 

This  lantern  was  manufactured  by  Messrs.  Hodge  and  Sons,  of 
Millwall,  and  was  exhibited  at  the  Paris  Exhibition  of  1867,  while 
the  curved  plate-glass  fbr  glazing  it  and  the  dioptric  apparatus  were 
manufactured  by  Messrs.  Chance  Bros,  and  Co.,  of  Birmingham.  The 
instrument  is  probably  the  most  perfect  for  the  purpose  that  has  yet 
been  constructed.  With  the  view  of  giving  the  Wolf  light  a  perfectly 
distinctive  character,  a  revolving  dioptric  light  of  the  first  order, 
showing  alternate  flashes  of  red  and  white  at  half-minute  intervals, 
was  resolved  upon.  This  arrangement  involved  the  consideration  of 
the  important  question — which  does  not  appear  to  have  been  previously 
determined  with  accuracy — of  disposing  in  each  beam  the  relative 
proportion  of  light  to  allow  for  the  loss  in  the  red  beams  by  passing 
through  a  ruby  glass  medium,  and  producing  at  all  distances  at  which 
the  light  can  be  seen,  with  variable  states  of  the  atmosphere,  flashes 
of  nearly  the  same  strength.  The  investigation  of  the  subject  was 
entered  into  by  Professor  TyndaU,  the  scientific  adviser  of  the  Trinity 
House;  and  as  it  was  one  which  could  not  be  determined  with  accuracy 
by  photometric  measurements,  a  visit  was  made  by  Dr.  Tyndall  and 
myself  to  the  Rock  Lighthouse,  near  Liverpool,  which  has  a  catoptric 
revolving  light,  showing  one  red  flash  succeeded  by  two  of  white,  at 
intervals  of  one  minute ;  and  inquiries  and  observations  were  made 
by  us  on  this  light  at  the  Point  of  Air  Lighthouse,  at  a  distance 
of  11  miles,  and  at  the  Great  Ormes  Head  Lighthouse,  at  a  distance  of 
80  miles.  Experiments  with  red  and  white  lights  were  also  made  at 
the  experimental  lighthouse  of  the  Trinity  House  at  Blackwall,  and 
observations  on  these  were  taken  from  a  station  at  Charlton,  at  a 
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WoRKiMQ  Season  of  1862. 

On  the  17th  March,  the  working  party  got  upon  the  rock,  and 
began  to  cut  out  the  foundation  pit  The  insecurity  of  the  foot- 
hold, and  the  constant  breaking  of  the  surf  over  it,  rendered  great 
precaution  necessary  for  the  safety  of  the  workmen.  Heavy  iron 
stanchions  were  sunk  into  the  rock  around  the  site  for  the  foundation, 
and  each  man  worked  with  a  safety-rope  lying  near  him,  one  end  of 
which  was  attached  to  the  nearest  stanchion.  An  experienced  man 
was  always  stationed  on  the  summit  as  '*  crow,"  to  look  out  for  the  sea, 
who  would  give  warning  of  such  waves  as  were  likely  to  sweep  the 
rock,  when  tibe  men  woidd  hold  on,  head  to  the  sea,  while  it  washed 
over  them ;  picks,  hammers,  and  jumpers,  some  exceeding  20  lbs.  in 
weight,  were  frequently  found  to  have  been  washed  away,  when  the 
waves  had  passed  and  were  followed  by  a  lull. 

BUuting, — The  danger  was  further  increased  by  frequent  blastings 
of  the  rock  with  gunpowder ;  the  only  shelter  that  could  be  obtained 
for  protection  from  the  showers  of  feilling  pieces  of  rock  with  each 
blast,  was  by  crowding  all  hands  together  under  a  temporary  pent- 
house hastily  formed  around  the  iron  beacon  each  time  we  Iwded. 
Three  or  four  lucky  individuals,  more  nimble  than  the  rest,  usually 
contrived  to  scramble  through  a  man-hole  into  the  upper  part  of  the 
cone  of  the  iron  beacon. 

These  circumstances  are  not  related  to  magnify  the  difficulties  of  the 
work,  but  in  order  that  attention  may  be  directed  to  the  precautions 
taken,  and  to  the  fact  that  they  were  successful  in  preserving  life. 

On  the  29th  September,  the  last  tide  of  the  season  was  worked ; 
only  twonty-two  landings  had  been  effected  and  eighty-three  hours  of 
work  obtained  on  the  rock  for  the  season,  although  not  a  single  oppor- 
tunity had  been  lost  when  it  was  possible  to  work  even  half  an  hour. 
The  season  was  altogether  a  very  unfavourable  one  for  such  an  under- 
taking. During  these  eighty-three  hours  considerable  progress  was 
made  in  blasting  and  cutting  out  the  foundation  pit  for  the  tower  and 
in  the  erection  of  the  landing  platform. 

On  the  death,  in  October,  1862,  of  the  late  Mr.  James  Walker,  the 
Engineer  to  the  Trinity  House,  I  was  appointed  by  the  elder  brethren 
to  that  office ;  and  my  brother,  who  was  then  completing  the  Hanois 
Lighthouse,  succeeded  me  as  resident  engineer  at  the  Wolf. 

Season  of  1863. 

The  first  landing  was  effected  on  the  20th  February,  and  the  last 
on  the  24th  October.  During  the  season,  thirty-nine  landings  were 
effected,  and  the  work  on  the  rook  was  proceeded  with  during  two 
hundred  and  six  and  a  half  hours.  At  its  dose,  the  cutting  of  the 
foundation  pit  and  the  erection  of  the  landing  platform  were  about 
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half  executed,  and  the  dressing  of  the  6th  course  of  masonry  in  the 
workjard  was  completed. 

Season  of  1864. 

The  first  landing  was  effected  on  the  9th  April,  and  the  last 
on  the  5th  November.  During  this  season  forty-two  landings  were 
effected,  and  two  hmidred  and  sixty-seven  hours'  work  obtained  on 
the  rock;  on  the  6th  August  the  first  stone  of  the  tower  was  set. 
At  the  close  of  the  season,  thirty-seven  stones  of  the  1st  entire  course 
or  2nd  course  of  the  tower  were  set ;  the  landing  platform  was  nearly 
completed,  and  the  dressing  of  the  10th  course  was  finished  in  the 
workyard.  The  iron  derrick  landing  crane  was  erected  on  the  end  of 
the  landing  platform ;  it  has  a  solid  wrought-iron  mast,  fixed  in  a  cast- 
iron  well,  into  which  the  machinery,  when  not  in  use,  is  lowered  by  a 
rack  and  pinion,  and  is  then  secured  by  strong,  wrought  iron  hinged 
covers.  The  wrought-iron  derrick,  when  not  in  use,  is  lowered  into 
the  long  protecting  chamber,  and  is  secured  therein  with  strong  iron 
covers. 

The  barges  for  conveying  the  stones  were  specially  fitted  for  the 
work.  The  hold  of  these  iMirges  is  fitted  with  rollers,  on  which  the 
stones  are  stowed  in  the  exact  order  in  which  they  are  required  for 
the  work.  Each  stone,  as  required  to  be  landed,  is  rolled  on  to  one 
of  the  stone-trucks  at  the  stem  of  the  barge,  and  is  drawn  up  to  the 
level  of  the  deck  by  a  chain  led  from  the  winch  on  the  deck ;  the 
chain  from  the  landing  crane  is  then  shackled  to  the  lewis  fixed  in 
the  stone ;  the  single  block  of  a  strong  rope  veering  tackle  is  also 
attached  to  the  lewis  ;  one  end  of  this  tackle  is  secured  to  one  of  the 
windlass  bitt&,  and  the  other  end  to  a  break  barrel  on  the  winch.  As 
the  chain  of  the  landing  crane  draws  the  stone  from  the  truck  over 
the  roller  at  the  st^m  of  the  barge,  with  the  heave  of  the  vessel  the 
veering  tackle  is  eased  away  by  the  break,  and  the  tackle  is  kept 
just  sufficiently  taut  to  prevent  the  stone  being  driven  by  the  sea 
against  the  rock.  Twenty  to  thirty  blocks  of  stone  weighing  4  to  5 
tons  each  have  frequently  been  landed  in  this  manner  in  one  day 
without  damage,  and  with  a  rise  and  fall  of  wave  of  12  feet. 

Each  barge,  when  at  the  landing  crane,  was  moored  stem  and 
stem,  with  10-inch  coir  hawsers  ;  and  the  stem  hawsers,  even  of  this 
size,  were  frequently  broken.  The  barrack  schooner  for  the  accom- 
modation of  the  resident  engineer,  his  assistants,  and  working  party, 
was  moored  at  a  distance  of  ^  mile  from  the  rock:  and  remained  there 
as  long  as  there  was  any  opportunity  of  doing  work.  When  this  was 
no  longer  possible,  and  there  was  no  immediate  prospect  of  better 
weather,  the  moorings  were  slipped,  and  the  vessel  was  taken  to 
Penzance,  there  to  await  another  opportunity. 

The  landing  boat  was  designed  and  constructed  expressly  for  the 
work ;  she  is  built  diagonally,  of  two  thicknesses  of  elm  plank,  with- 
out timbiTB  or  floors,  and  is  provided  with  a  deck  and  landing  maat 
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forward.  The  deck  and  gnnwale  forward  are  oovered  with  rough 
rope  matting,  for  the  purpose  of  affording  a  good  foothold  in  jumping 
from  or  into  the  boat.  Each  workman  is  provided  with  a  cork  lifebelt, 
which  he  is  compelled  to  wear  while  landing  or  embarking  from  the 
rock  ;  and  it  was  frequently  necessary  for  the  safety  of  the  men,  that 
they  should  wear  these  belts  during  tiie  whole  of  the  time  that  they 
were  engaged  upon  the  rock. 

Season  of  1865. 

The  first  landing  was  effected  on  the  11th  April,  and  the  last  on 
the  17th  December.  Between  these  dates  forty-one  landings  were 
effected,  and  the  work  on  the  rock  was  carried  on  for  two  hundred 
and  fifty  hours.  At  the  close  of  the  season  the  4th  course  of  masonry 
was  completed,  and  thirty-four  stones  were  set  in  the  5th  course. 

In  the  workyard,  the  dressing  of  the  18th  course  was  completed. 
It  was  fully  expected  that  the  51^  course  would  have  been  completed 
at  the  rock  before  the  works  were  closed  for  the  winter ;  but  the  state 
of  the  weather  rendered  this  impossible,  and  those  stones  which  were 
set,  thirty-four  in  number,  were  carried  away,  as  previously  stated, 
during  a  severe  storm  in  November. 

Season  of  1866. 

The  first  landing  was  effected  on  the  5th  March,  and  the  last 
on  the  13th  October.  During  the  summer  thirty-one  landings  were 
effected,  and  two  hundred  and  twenty-four  hours  and  a  half  worked 
on  the  rock.  At  the  close  of  the  season,  the  9th  course  of  the  tower 
was  completed,  and  two  stones  were  set  in  .the  10th  course.  In 
the  workyard  the  dressing  of  the  26th  course  was  finished.  During 
the  season  the  Avrought-irou  setting  crane  was  erected  on  the  tower, 
and  used  for  setting  the  work.  At  the  close  of  the  season,  the  bare 
post  of  the  crane,  a  wrought-iron  cylinder  of  great  strength,  was  left 
standing  20  feet  above  the  masonry  and  23  feet  above  high  water 
of  spring  tides,  but  during  the  winter  it  was  broken  off  flush  with  the 
surface  of  the  work. 

Season  of  1867. 

No  opportimity  occurred  for  landing  on  the  rock  until  the  6fch  May, 
and  the  last  for  the  season  was  on  the  5th  November.  During  this 
time  forty  landings  were  effected,  and  three  hundred  and  thirteen  and 
a  half  hours  worked  on  the  rock. 

At  the  close  of  the  season,  the  23rd  course  was  completed  and 
eight  stones  were  set  in  the  24th  course.  In  the  workyard  the 
dressing  of  the  39th  course  was  completed.  At  the  commencement 
of  this  season's  operations  at  the  rock,  a  new  mast  for  the  setting 
crane  was  fixed,  a  topmast  was  also  fitted  to  it,  and  the  hoisting  and 
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setting  of  this  portion  of  the  work  was  carried  ont.  On  the  81st  Juno, 
the  sea  being  very  smooth,  all  hands  were  able  to  remain  on  the  rock 
for  the  first  time  over  high  water,  on  the  top  of  the  11th  course. 


Season  of  1868. 

Between  the  first  landing  on  the  81st  March,  and  the  last  on  the 
14th  October,  thirty  landings  were  effected,  and  two  hundred  and 
seventy-six  and  a  third  hours  worked  on  the  rock.  At  the  dose  of  the 
season,  the  47th  course  of  the  tower  was  completed,  and  in  the  work- 
yard  the  dressing  of  the  masonry  was  finished.  On  the  17th  and  18th 
June  the  steam-winch  with  its  boiler  was  fixed  in  the  first  room  of 
the  tower,  and  on  the  29th  was  used  for  the  first  time;  this  was 
doubtless  the  first  occasion  of  the  employment  of  a  steam-engine  upon 
a  tidal  rock.  It  worked  successfully  to  the  completion  of  the  tower, 
and  considerably  facilitated  the  process  of  construction.  The  average 
time  occupied  in  raising  each  block  of  stone  from  the  landing  plat- 
form to  the  top  of  the  work  was  only  two  and  a  half  minutes,  while 
to  perform  the  same  duty  by  manual  labour  would  have  required 
fifteen  ipinutes. 

SSASON  OF  1869. 

The  first  landing  was  effected  on  the  16  th  March,  and  on  the  19  th 
July  the  last  stone  of  the  tower  was  laid  by  Sir  Frederick  Arrow,  the 
Deputy-master  of  the  Trinity  House.  To  this  date  there  had  been 
twenty-one  landings  and  one  hundred  and  ninety-four  and  a  half  hours 
of  work  on  the  rock,  making  a  total  for  the  eight  working  seasons  of 
two  hundred  and  sixty-six  landings,  and  eight  hundred  and  nine  and 
a  half  hours,  being  only  one  hundred  and  one  working  days,  of  ten 
hours  each,  for  the  erection  of  the  tower. 

Lighttng-up, — Towards  the  end  of  the  year,  the  tower  was  got 
ready  for  tiie  exhibition  of  the  light  which  was  advertised  for  the  1st 
of  January,  1870  ;  but  Christmas  approached,  and  no  opportunity  had 
occurred  for  some  time  for  communicating  with  the  workmen  in  the 
tower,  except  by  signal.  I  was  at  Penzance  waiting  for  an  oppor- 
tunity to  go  off  with  the  resident  engineer  of  the  work  and  the  three 
light-keepers  appointed  to  take  charge  of  the  tower.  On  Christmas 
morning  the  opportunity  so  anxiously  looked  for  arrived,  when  we 
proceeded  in  the  steam-tender,  and  succeeded  in  effecting  a  landing ; 
but  before  the  effects  of  the  light-keepers  were  fiedrly  ashore,  and  my 
inspection  could  be  made  of  the  works  in  the  tower,  the  sea  had 
increased  so  much  that  the  landing  boat  could  no  longer  approach  the 
rock.  We  had,  therefore,  with  a  cold  north-east  wind  blowing,  to  bo 
hauled  one  at  a  time  through  the  surf  to  the  boat,  which  we  all  pre- 
ferred to  the  prospect  of  a  lodging  for  an  indefinite  period  in  the 
lighthouse. 
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Sinoe  the  completion  of  the  tower,  the  heayiest  seas  that  have  been 
experienced  were  on  the  11th  September,  1869,  dnring  a  violent  gale 
from  the  westward,  when  large  quantities  of  water  went  orer  the 
tower ;  but  the  residents  state  that  although  the  shock  was  distinctly 
felt  with  each  wave-stroke,  scarcely  any  tremor  was  perceptible. 

The  light  was  exhibited  on  the  1st  January,  1870,  and  has  since 
been  continued  with  regularity  every  night  from  sunset  to  sunrise. 
Before  the  light  could  be  shown,  the  services  of  my  brother,  the  resi- 
dent engineer,  were  required  for  the  erection  of  a  similar  work,  on  the 
great  Basses  Bock,  off  the  south-east  coast  of  Ceylon ;  the  charge  of 
tiie  completion  of  the  work  was  therefore  entrusted  to  Mr.  M.  Beazeley, 
the  assistant-engineer  at  the  work,  who  is  now  proceeding  with  the 
erection  of  a  new  lighthouse  upon  ike  Longships. 


It  is  a  source  of  thankfulness  to  me  to  be  able  to  state  that  this 
difficult  and  dangerous  work  has  been  brought  to  a  successful  termina- 
tion without  loss  of  life  or  limb  to  any  person  employed.  This  success 
is  mainly  due  to  the  steady  perseverance  of  the  resident  engineer,  his 
assistants,  and  their  workmen;  and  I  would  desire  to  record  the 
personal  interest  and  willing  heartiness  exhibited  by  those  employed 
upon  this  and  similar  works  that  have  been  carried  out  by  the  Trinity 
House. 

As  this  is  a  matter  of  the  utmost  importance,  affecting  as  it  does 
the  success  of  similar  undertakings,  a  somewhat  detailed  account  of 
the  system  under  which  the  workmen  are  employed  may  not  be  con- 
sidered uninteresting.  Each  workman  is  engaged  at  a  daily  rate  of 
wages  at  the  commencement  of  each  season,  and  signs  an  agreement  for 
one  year ;  the  wages  are  paid  monthly,  from  which  is  deducted  a  sum 
equaJ  to  2d,  per  day,  as  a  reserve  until  the  end  of  the  season,  which 
reserve  is  forfeited  in  the  event  of  the  man  leaving  the  employment 
without  giving  a  month's  notice.  When  at  sea  an  allowance  of 
25  per  cent,  is  added  to  the  ordinary  wages,  and  as  a  further  en- 
couragement for  good  conduct  and  perseverance,  a  gratuity  of  6d.  is 
allowed  for  every  hour  worked  upon  the  rock.  This  gratuity  is  not 
payable,  however,  in  the  case  of  misconduct,  or  in  the  event  of  the 
man  leaving  the  employment  during  the  working  season.  The  sum 
of  Id.  per  day  is  deducted  from  the  wages  of  each  workman  for  a  sick 
and  accidental  insurance  fund,  which  is  managed  by  a  committee  of 
four  of  the  workmen,  elected  by  the  whole  of  the  subscribers,  the 
resident  engineer  acting  as  treasurer. 

In  case  of  sickness  or  accident,  each  subscriber  is  paid  2«.  per  day, 
and  is  provided  with  a  medical  attendant.  At  the  close  of  the  work  a 
balance  of  48/.  8«.  Sid.  remained  in  the  hands  of  the  treasurer,  which 
was  distributed  amongst  six  persons  connected  with  the  works,  viz, 
two  who  were  then  on  the  sick-list,  three  who  had  met  with  accidents 
on  the  works,  and  the  widow  of  a  workman  who  had  recently  died. 
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The  average  number  of  persons  of  the  yarious  classes  employed  at 
the  Wolf  Lighthouse  was : — 


Resident  Engineer 
Assistant  ditto 

Clerk        

Storekeeper 

Foreman  Mason     .. 
Master  of  Steam-tug 

Mate  of  ditto 

Master  of  Sailing  Tender 
Mate  of  ditto 


Engineers  of  Steam-tug        . .  2 

Firemen  of  ditto     2 

MiUwright      1 

Masons 22 

Carpenters  and  Shipwrights  6 

Smiths     6 

Seamen 14 

Miners      2 

Labourers       6 


Total,  70. 

The  total  cost  of  the  undertaking,  induding  lantern,  illuminating 
apparatus,  cost  of  workyard,  vessels,  and  all  incidental  expenses,  may 
be  taken  at  62,7262.  This  cost,  considering  the  exceptional  difificulties 
of  the  work,  compares  favourably  with  any  similar  work  yet  executed. 

[J.  N.  D.] 


WEEKLY  EVENING  MEETING, 

Friday,  February  24,  1871. 

William  Spottiswoode,  Esq.  Treasurer  B.S.&  B.I.  and  Yice-Presideiit, 

in  the  Chair. 

W.  Mattdsu  Williams,  F.C.8. 
On  Bumford's  Scientific  Discoveries. 

Thi  speaker  ventured  to  assert  that  it  would  be  dif&cult,  or  even  im- 
possible, to  name  any  philosopher,  statesman,  and  philanthropist  of 
equal  eminence  to  Benjamin  Thompson,  Count  of  Rumford,  concerning 
whom  so  little  is  popularly  known.  This  may  be  explained  by  the 
facts  that  his  statesmanship  and  philanthropic  efforts  were  chiefly 
exerted  abroad,  and  that  his  philosophical  researches  resulted  in 
scarcely  anything  admitting  of  attractive  lecture-table  illustration, 
while  the  discoveries  of  so  many  of  his  contemporaries  and  immediate 
successors  were  most  brilliant  in  this  respect. 

The  electrical  machine,  the  voltaic  battery,  oxygen,  hydrogen, 
chlorine,  the  metals  of  the  alkalis,  &C.,  by  supplying  lecture-table 
experiments  of  such  marvellous  and  previously  ui^mown  brilliancy, 
developed  a  new  race  of  teachers — the  popular  experimental  lecturers, 
to  whom  we  are  mainly  indebted  for  the  popular  diffusion  of  scientific 
knowledge  during  the  present  century,  and  the  philosophers  whose 
names  are  connected  with  the  discovery  of  the  materials  which  sup- 
plied these  teachers  with  their  favourite  illustrations,  are  naturally 
the  best  known  to  their  pupils. 
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The  researches  of  Bumford  are  nevertheless  especially  worthy  of 
general  attention,  as  his  subjects  literally  come  home  to  all  of  ns,  the 
greater  part  of  his  life  having  been  devoted  to  studying  and  applying 
the  philosophy  of  common  things ;  he  may  be,  in  &ct,  regarded  above 
all  others  as  the  philosopher  of  common  things,  the  science  of  feeding, 
clothing,  warming,  and  sheltering  of  mankind  having  been  his  ohidT 
pursuit,  as  the  following  list  of  the  subjects  of  his  essays  and  researches 
will  show. 

The  Force  of  Fired  Gunpowder. — Improvements  in  Field  Artillery 
and  Guns  generally. -^  Naval  Architecture.  —  Naval  Signals  (the 
essays  on  these  two  last-named  subjects  have  not  yet  been  published). 
— The  Transmission  of  Heat  through  Solids,  Liquids,  Gases,  and 
Vacuo. — The  Helative  Warmth  of  Different  MateriiJs  used  for  Cloth- 
ing.— The  Quantities  of  Moisture  absorbed  from  the  Atmosphere  by 
Different  Materials  used  for  Clothing. — The  Production  of  Air  from 
Water. — Photometry. — Coloured  Shadows. — The  Harmony  of  Colours, 
— The  Chemical  Properties  which  have  been  attributed  to  Light. — 
The  Weight  or  Ponderability  ascribed  to  Heat — The  Suppression  of 
Mendicity,  and  the  Economical  Clothing,  Feeding,  Housing,  and  In- 
dustrial Education  of  the  Poor. — The  Philosophy  and  Practice  of 
Cookery. — The  Nutritive  Value  of  Different  Kinds  of  Food. — The 
Cultivation  and  Use  of  the  Potato. — The  Construction  of  Stoves  and 
Open  Fireplaces. — The  Curing  of  Smoky  Chimneys. — The  Organiza- 
tion of  Military  Academies. — General  Military  Organization. — The 
Education  and  the  Civil  Utilizing  of  the  Soldier. — The  Economy  of 
Fuel. — The  Construction  of  Kitchen  Furnaces — of  Boilers — Roasters 
— Saucepans — Stewpans — Gridirons — Dripping-pans — Ironing  Stoves 
— Cottage  Fireplaces — Steam  Stoves — Limekilns— Ovens — Teakettles 
— Steam  Cooking  Apparatus — Dye-house  Vats — Distillers'  Coppers — 
Drying-houses — Laundries — Lamps,  Safety-valves,  <fec — The  Prepa- 
ration of  Cheap  Soups,  Indian  Puddings,  Macaroni,  Potato  Salads, 
Potato  Dumplings,  &c. — The  Internal  Movements  of  the  Particles  of 
Heated  Fluids.— The  Final  Cause  of  the  Saltness  of  the  Sea.— The 
Influence  of  Water  in  Equalizing  Climate. — The  Heating  of  Buildings 
by  Steam. — The  Boiling  of  Water  and  various  Solutions  by  the  Latent 
Heat  of  Steam. — The  Salubrity  of  Warm  Bathing  (an  Essay  advocat- 
ing the  introduction  of  the  Turkish  Bath). — The  Pleasure  of  Eating, 
and  the  Means  that  may  be  employed  for  Increasing  it. — The  Tensile 
Strength  of  Different  Substances. — The  Suppression  of  Usury  in 
Bavaria. — The  Improvement  of  the  Breed  of  Horses  and  Homed  Cattle 
in  Bavaria — The  Relative  Heating  Power  of  Coal  and  Different  Kinds 
of  Wood. — The  Source  of  Heat  excited  by  Friction. 

Tliis  list  is  mainly  made  up  of  practical  subjects,  on  which  Count 
Bumford  did  not  merely  write  suggestive  or  speculative  essays,  but 
which  ho  dealt  with  practically  by  carrying  out  successfully  on  a  prac- 
tical scale  his  suggestions  and  improvements.  All  his  practical  suc- 
cesses were  effected  by  the  application  of  scientific  principles.  Bum- 
ford's  method  invariably  being  to  set  before  himself  the  task  to  be 
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performed,  then  to  determine  the  philosophical  piinciples  involyed 
and  having  done  this,  to  apply  these  principles  practicaUy.  Most  of 
his  purely  philosophical  investigations  were  suggested  by  demands 
thus  practically  created,  or  by  phenomena  observed  in  the  course  of 
his  practical  work. 

The  great  characteristic  of  Bumford's  whole  career  is  that  all  his 
practical  work  was  strictly  philosophical,  and  most  of  his  philoso- 
phical work  was  eminently  and  directly  practical. 

When,  for  example,  he  was  commissioned  by  the  Elector  of  Bavaria 
to  reorganize  the  Bavarian  army,  he  studied  the  philosophy  of  cookery, 
and  made  experiments  upon  the  nutritive  value  of  different  kinds  of 
food,  in  order  that  he  might  feed  the  men  as  well  and  as  economically 
as  possible.  His  improvements  in  stoves,  kitchen  utensils,  &c.,  his 
numerous  researches  and  essays  on  subjects  connected  with  the  general 
economy  of  the  kitchen  and  Uie  preparation  of  food,  are  the  results  of 
his  thorough  and  philosophical  method  of  solving  this  very  practical 
problem.  The  barrack  requirements  led  him  to  study  further  the 
economy  of  fuel  in  the  warming  of  dwellings,  the  construction  of 
heating  and  ventilating  apparatus,  and  of  buildings  generally. 

In  order  to  determine  the  best  material  for  the  soldier's  clothing, 
he  first  considered  the  function  of  clothing,  and  determined  that  in 
winter  it  should  act  by  resisting  the  transmission  of  the  animal  heat 
to  the  cooler  atmosphere,  and  thereby  maintain  the  body  at  the  tem- 
perature required ;  that  for  this  purpose  a  non-conductor  or  a  bad  con- 
ductor of  heat  is  required.  The  relative  conducting  power  of  different 
clothing  materials  being  in  his  time  unknown,  he  constructed  a 
theoretical  soldier  in  the  form  of  a  thermometer,  which  he  could  clothe 
with  the  materials  to  be  tested.  By  heating  this  clothed  thermometer, 
and  allowing  it  to  cool  in  an  apartment  of  constant  temperature,  he 
obtained  the  following  results  : — 

'""r.XdV"}^" {"^'^Si?}-""'—'^- 

„  IG  gre.  of  Fine  lint  „  „  1032        „ 


„  „  Cotton  wool  „ 

„  „  8hcep*8  wool  „ 

„  „  Raw  silk  „ 

,,  „  lieftver's  fur  „ 

„  „  Eider-down  ,, 

,,  „  HftTo'a  fur  „ 


1046  „ 

1118  „ 

1284  „ 

12%  „ 

1305  „ 
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Finding  that  the  raw  silk  only  occupied  ^th  of  the  whole  bulk  of 
the  outer  bulb  containing  it,  he  calculated  tJiat  if  it  were  an  absolute 
non-conductor,  it  should,  as  compared  with  the  envelop  of  air  contained 
in  the  same  space,  only  increase  the  resistance  by  ten  seconds,  but  the 
experiment  showed  that  it  had  above  seventy  times  the  effect.  There- 
fore the  resistance  of  the  silk  fibre  cannot  account  for  the  result.  Con- 
necting this  with  his  previous  investigations  on  the  convection  of  heat 
by  liquids,  Bumford  inferred  that  air  is  a  non-conductor  of  heat,  that 
tlie  fibres  acted  by  enclosing  the  air  between  them,  and  preventing 
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those  oonvection  movements  by  which  alone  it  can  oaixy  heal  awaj 
from  a  body  in  contact  with  it.  He  confirmed  this  explanation  by  a 
aeries  of  experiments.  He  fomid  that  when  the  thermometer  was  sur- 
rounded by  the  same  quantity  of  the  above-named  materials  moro 
closely  twisted  or  woven,  so  as  to  leave  less  air  space  between  the 
fibres,  their  power  of  resisting  the  passage  of  heat  was  diminished  pro- 
portionately to  the  closeness  of  the  weaving,  or  twisting,  or  packing. 

He  thus  not  only  solved  his  practical  question  of  clothing,  bat 
made  important  discoveries  respecting  the  laws  of  transmission  of  heat 
by  gases,  and  further  applied  these  to  retaining  heat  in  furnaces  and 
buildings  by  means  of  cellular  walls,  or  double  walls  and  windows. 

The  question  of  what  is  the  best  material  for  summer  clothing 
was  decided  in  like  manner.  He  first  considered  how  the  body  retains 
its  temperature  when  exposed  to  direct  summer  sunshine  in  hot  cli- 
mates, or  otherwise,  when  a  thermometer  similarly  exposed  rises  above 
blood  heat.  He  concluded  that  it  is  by  the  evaporation  of  the  insen- 
sible perspiration.  How,  then,  may  clothing  aid  this  ?  Evidently  by 
its  power  of  absorbing  the  aqueous  vapour.  Do  dothing  materiala 
thus  absorb  vapour  ?  If  so,  do  they  differ  in  their  powers  of  absorp- 
tion? 

To  answer  these  questions  he  exposed  the  following  substances, 
carefully  cleaned,  upon  china  plates  for  twenty-four  hours,  in  a  room 
that  had  for  several  months  been  dried  by  a  German  stove,  its  atmo- 
sphere having  for  six  hours  previous  to  the  experiment  been  raised  to 
85^  Fahr.  After  this  exposure  1000  parts  of  each  were  weighed  in  the 
dry  room ;  then  this  quantity  was  exposed  for  forty-eight  hours  in  an 
uninhabited  room  and  weighed  again ;  then  for  seventy-two  hours  in 
a  very  damp  cellar.     The  results  were  as  follows : — 


1000  Parta  of 


Sheep's  wool 
Beaver's  far 
Fur  of  Russian  hare 
Eider-down 


Alter  48  bouTB  |  After  74  boars 
{n  room,  weighed  In  oelUr.  weighed 


Linen  < 


(  Raw 

\  Ravelling^  of  white  taffety 


Silk 

Fine  lint 

Ravellings  of  fine  linen 

Cotton  wool      

Silver  wire — Ravellings  of  gold  lace 


•      •  • 

1084 

1163 

•      •  • 

1072 

1125 

•     •  • 

1065 

1115 

•     •  • 

1067 

1112 

•      •  • 

1057 

1107 

ty  .. 

1054 

1103 

•     •  • 

1046 

1102 

1044 

1082 

•     •  • 

1043 

1089 

ce  .. 

1000 

1000 

From  these  and  other  experiments  he  concluded  that  light  flannel 
is  the  best  clothing  for  summer,  and  he  strongly  advocates  its  universal 
adoption.  The  soundness  of  his  conclusion  is  confirmed  by  the  sub- 
sequent experience  both  of  soldiers  and  sailors,  and  of  cricketers, 
rowers,  furnace-meu,  and  all  who  are  engaged  in  work  that  induces 
much  perspiration. 
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Count  Bumford's  researches  and  inventions  connected  with  his 
greatest  subject,  that  of  cookery,  afford  abundant  examples  of  his  appli- 
cations of  philosophy  to  practical  affairs ;  but  the  extent  of  the  subject 
forbids  the  citation  of  more  than  one  small  characteristic  sample. 
After  advocating  the  extended  use  of  Indian  com  and  giving  general 
directions  for  its  use,  and  particularly  for  the  preparation  and  cooking 
of  "Indian  pudding,"  including  the  scientific  manipulation  of  the 
pudding  bag,  he  concludes  as  follows  : — "  The  pudding  is  to  be  eaten 
with  a  knife  and  fork,  beginning  at  the  circumference  of  the  slice  and 
approaching  regularly  towards  the  centre,  each  piece  of  pudding  being 
taken  up  with  the  fork  and  dipped  into  the  butter,  or  dipped  in  part 
only,  as  is  commonly  the  case,  before  it  is  carried  to  the  mouth." 

Again  in  his  essay  "  On  the  Pleasure  of  Eating  and  the  Means 
that  may  be  employed  for  increasing  it,"  after  dbowing  that  the 
pleasure  of  eating  is  produced  by  bringing  the  surface  of  the  food 
in  contact  with  the  surface  of  the  tongue  and  the  palate,  and  how  a 
given  quantity  of  food  may  have  its  contact  surfiEkce  increased,  he  says 
in  apology  for  his  subject,  "  If  a  glutton  can  be  made  to  gormandize 
two  hours  upon  two  ounces  of  meat,  it  is  certainly  better  for  him 
than  to  give  himself  an  indigestion  by  eating  two  pounds  in  the  same 
time" 

As  an  example  of  his  theoretical  work  his  speculations  on  the 
movements  of  the  molecules  of  a  heated  fluid  may  be  cited.  He 
supposes  the  case  of  a  coin  or  pebble  at  the  bottom  of  an  open  vessel 
of  water,  and  says,  "  As  a  ray  of  light  cannot  fail  to  generate  heat 
when  and  where  it  is  stopped  and  absorbed,  the  rays  which,  entering 
the  water  and  passing  through  it,  impinge  against  the  small  solid 
opaque  body  at  the  bottom  of  the  vessel  are  there  absorbed,  and  must 
necessarily  generate  a  certain  quantity  of  heat ;  a  part  of  which  will 
be  conmiunicated  to  those  colder  particles  of  water  which  repose  on 
its  surface." 

He  had  already  shown  by  a  series  of  very  simple  and  conclusive 
experiments  that  the  particles  of  a  fluid  thus  heated  are  set  in  visible 
motion,  and  he  supposes  the  case  of  a  molecule  of  water  in  contact 
with  the  coin,  and  having  a  diameter  of  ooiooo^  ^^  ^^  ^^^  ^ 
move  at  the  least  rate  of  visible  motion  y^th  of  an  inch  per  second. 
Thus  it  will  move  through  10,000  times  its  own  diameter  in  a  second. 
Taking  the  greatest  velocity  of  a  9-pounder  cannon  ball,  4  inches  in 
diameter,  at  1600  feet  per  second,  it  passes  through  only  4800  diameters 
per  second ;  thus  the  relative  velocity  of  the  molecule  of  water  is  mo  e 
than  double  that  of  the  cannon  ball.  Such  a  molecule  thus  moving  will 
come  in  contact  with  at  least  600,000  others  per  second,  to  each  of 
which  it  will  impart  a  portion  of  its  heat  and  motion.  Thus,  every 
inequality  of  temperature  induces  violent  molecular  agitation,  and 
Humford  asks  whether  animal  life  may  not  depend  upon  such  motion, 
seeing  that  the  organic  apparatus  is  mainly  fluid,  or  fluids  contained 
between  walls  and  in  channels,  and  that  there  is  a  continual  internal 
heating  and  external  cooling  due  to  respiration  and  surfiftce  evapo- 
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ration  and  radiation,  or  in  his  own  words :  "  Do  not  reepiration, 
digestion,  and  insensible  perspiration  all  tend  evidently  ^that  is  to  say, 
according  to  our  assumed  principles  witb  regard  to  tne  manner  in 
whicb  beat  is  propagated  in  fluids)  to  produce  and  to  perpetuate  this 
inequality  of  beat  in  tbe  animal  fluids.  And  do  we  not  see  wbat  an 
immediate  and  powerful  effect  they  bave  in  increasing  tbe  intensity  of 
tbe  action  of  tbe  powers  of  life  ?  " 

Intimately  connected  witb  tbis  essay  is  anotber,  wbicb  appears  to 
be  wortby  of  more  attention  tban  it  bas  rooeiyed,  especially  in  con- 
nection witb  tbe  modem  growtb  of  our  knowledge  of  tbe  transmission 
of  ligbt  and  beat  in  gases  and  liquids,  and  tbe  conyersion  of  one  force 
into  anotber.  Tbe  title  of  tbis  essay  is  "  An  Inquiry  concerning  tbe 
Cbomical  Properties  tbat  baye  been  attributed  to  Ligbt."  Humford 
made  a  number  of  experiments  upon  compounds  of  gold  and  silyer,  by 
wbicb  be  sbowed  tbat  tbe  decompositions  usually  attributed  to  ligbt 
could  all  be  eflected  in  precisely  tbe  same  manner  and  degree  by 
obscure  beat,  a  temperature  below  tbe  boiling  point  of  water  being 
sufficient  wben  tbe  salts  were  in  aqueous  solution,  or  a  bigber  tem- 
perature wben  tbe  dry  salts  were  used.  Also  tbat  clear  solutions  of 
cbloride  of  gold  or  nitrate  of  silver  are  not  decomposed  by  sunligbt 
unless  some  body  capable  of  absorbing  tbe  ligbt,  and  tbereby  convert- 
ing it  into  beat,  is  immersed  in  tbem.  He  asks  wbat  is  tbe  tempera- 
ture induced  upon  tbe  absolute  surface  of  sucb  a  ligbt-absorbing  body 
at  tbe  instant  of  absorption  or  conversion  of  ligbt  into  beat.  He 
tbinks  tbat  it  must  far  exceed  tbat  indicated  by  any  form  of  tbormo- 
meter,  because  tbe  tbcrmometer  only  sbows  tbe  mean  temperature  of 
tbe  wbolo  mass  of  tbe  contents  of  its  bulb,  and  its  absolute  surface 
is  perpetually  parting  witb  its  beat  by  conduction,  radiation,  and  tbe 
convection  of  tbe  surrounding  medium.  If  tbe  single  molecule  of 
water  above  referred  to  comes  in  contact  witb  600,000  otbers  in  tbe 
course  of  a  second,  and  commimicates  some  of  its  beat  to  eacb,  we 
cannot  ascertain  its  initial  maximum  tem})erature,  and  even  tbis  is 
below  tbat  of  tbe  surface  of  the  coin  or  pebble  from  wbicb  it  received 
its  beat  by  contact. 

The  time  did  not  permit  tbe  speaker  to  develop  tbese  speculations 
and  connect  tbem  witb  modern  pbilosopby  as  intended,  and  be  tbere- 
foro  passed  on  to  Bumford's  celebrated  experiments  on  "  Tbe  Source 
of  Heat  excited  by  Friction." 

These  experiments  are  so  well  known  tbat  it  is  unnecessary  to 
repeat  their  details  here.  It  will  be  remembered  tbat  after  taking 
every  precaution  to  insulate  bis  apparatus  from  any  communication 
of  beat  from  without,  and  ascertaining  tbat  tbe  speciflo  beat  of  tbe 
borings  was  imcbanged,  Eumford  found  tliat  tbe  beat  evolved  by  tbe 
friction  of  a  blunt  borer  against  tbe  inside  of  a  metal  cylinder  was 
sufficient  to  boil  18*  77  lbs.  of  water  in  2^  hours,  and  to  keep  it  boil- 
ing as  long  as  tbe  friction  was  sustained.  His  own  conclusion  is  thus 
expressed:  "It  is  hardly  necessary  to  add  that  anything  wbicb  an 
insulated  body,  or  system  of  bodies,  can  continue  to  furnish  without 
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Umitation  cannot  possibly  be  a  material  substance;  and  it  appears  to 
me  extrcmolj  difficult,  if  not  quite  impossible,  to  form  any  distinct 
idea  of  anything  capable  of  being  excited  and  communicated  in  these 
experiments  except  it  be  MOTION." 

The  italics  and  capitals  are  Count  Humford's.  As  Dr.  Tyndall 
says,  ^'Rumford  in  this  memoir  annihilates  the  material  theory  of 
Heat.  Nothing  more  powerful  on  the  subject  has  since  been  written," 
and  ''  hardly  anything  more  conclusive  has  since  been  adduced  in  the 
way  of  establishing  that  Heat  is  what  Bumford  considered  it  to  be — 
*  Motion.'  " 

This  memoir,  and  the  one  immediately  connected  with  it,  ''On 
the  Weight  or  Ponderability  ascribed  to  Heat,"  and  his  investigations 
on  the  Transmission  of  Heat  through  Grases  and  Liquids,  are  perhaps 
the  most  important  of  Humford's  purely  philosophical  works,  and  he 
is  the  father  of  the  Boyal  Institution.  All  who  have  followed  the 
recent  progress  of  physical  science  must  admit  that  this  Institution 
has  booi  a  dutiful  child  and  has  worthily  cultivated  its  patrimonial 
inheritance. 

Old-fashioned  story-tellers  were  wont  to  conclude  their  discourse 
with  a  "  moral."  This  old  fashion  may  be  profitably  followed  in  the 
present  instance,  when  we  remember  that  B^jamin  Thompson  began 
life  in  extreme  poverty,  was  a  poor  teacher  in  a  poor  colonial  village 
school,  that  step  by  step  he  rose  to  such  honour  and  distinction,  that 
when  Bavaria  was  so  sorely  threatened  that  its  sovereign  was  obliged 
to  fly  from  Munich,  full  powers  of  temporary  sovereignty  were  placed 
in  Bumford's  hands,  and  he  wielded  this  power  with  complete  success. 
He  practically  solved  great  social  problems  and  achieved  great  social 
reforms,  such  as  to  this  day,  after  a  lapse  of  above  seventy  years,  we 
all  desire  to  see  repeated,  and  yet  cannot  achieve  again.  ,  He  abolished 
mendicity  from  a  country  where  it  prevailed  to  an  almost  unprece- 
dented extent ;  he  succeeded  in  making  the  rogues  and  vagabonds  of 
Bavaria  pay  all  the  expenses  of  their  food,  clothing,  and  lodging,  and 
leave  a  handsome  balance  towards  the  maintenance  of  the  police  who 
approhonded  them.  He  thus  provided  for  the  poor  of  an  excessively 
pauperized  country  without  any  poor's-rates.  He  was  a  great  states- 
man, a  practical  soldier,  the  greatest  of  practical  military  reformers,  a 
skilful  mechanic  and  engineer,  and  a  successful  philanthropist,  besides 
being  a  distinguished  philosopher.  All  his  success  is  clearly  trace- 
able to  the  fact  that  whatever  he  did,  from  the  eating  of  a  slice  of 
pudding  to  the  dictatorship  of  a  nation,  was  done  by  rigidly  obeying 
those  principles  of  inductive  reasoning  which  have  led  to  the  mar- 
vellous triumphs  of  modem  science. 

If,  therefore,  you  would  make  your  son  a  successful  soldier,  a  suc- 
cessful lawyer,  a  successful  statesman,  successful  in  any  business  or 
profession  whatever,  you  should  give  him  a  sound,  practical  scientifio 
education ;  let  him  learn  how  to  observe  and  investigate  facs,  to 
generalize  them,  and  from  such  inductions  to  deduce  sound  rules  for 
practical  conduct. 

Vol.  VI.     (Na  54.)  b 
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Modem  science  affords  the  best,  the  highest,  and  the  most  nsefdl 
school  of  intellectnal  culture :  the  great  business  of  the  present  day  is 
to  give  to  science  that  decided  educational  precedence  to  which  it  is 
entitled,  and  the  whole  career  of  Benjamin  Thompson,  Count  Rumford, 
affords  a  striking  example  of  the  kind  of  intellectual  results  we  may 
expect  to  obtain  when  sound  scientific  knowledge  and  training  are 
afforded  to  every  human  being — nude  and  female. 

[W.  M.  W.] 
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The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 


FROM 

Actuaries,  Jndihite  of — .Toarnal,  No.  72.    Svo.    1871. 

American  Association — ^Prooeedings  of  Eighteenth  Meeting,   Aug.   1869.     Svo. 

1870. 
Asiatic  Society,  Boyal — Journal,  Vol.  V.  Part  1.    8vo.    1870. 
Asiatic  Society  of  Benaal — Journal,  No.  165.    8vo.     1870. 
Astrontnnieal  Society^  itoyal — Proceedings,  Vol.  XXXI.    No.  3.    1871. 
Ballard,  Edward,  M,D,  (the  Author) — Typhoid  Fever  in  Islington  traced  to  Impure 

Milk.    (K98)    8vo.    1871. 
Bennett,  John  B.  Esq,  Reg idrar" General,  WeUington — Statistics  of  New  Zealand. 

1869.    fol. 
British  Architects,  Royal  Institute  o/— Sessional  Papers,  1870-1,  No.  4.    4to. 
Chemical  Society— JownuA  for  Feb.  1871.    8vo. 

Comitato  Geologico  (f/taZia— BoUettini,  Nos.  11,  12.    8va    Fiienze,  1870. 
JEai/or»— Academy  for  Feb.  1871.    4to. 

American  Journal  of  Science,  Jan.  1871.    8va 

Artizan  for  Feb.  1871.    4ta 

Athenieum  for  Feb.  1871.    4to. 

Chemical  News  for  Feb.  1871.    4to. 

English  Mechanic  for  Feb.  1871. 

Engineer  for  Feb.  1871.    fol. 

Food  Journal  for  Feb.    8vo.    1871. 

Horological  Journal  for  Feb.  1871.    8yo. 

Journal  of  Gas-Lighting  for  Feb.  1871.    4to. 

Mechanics'  Magazine  for  Feb.  1871.    87a 

Nature  for  Feb.  1871.    4to. 

Pharmaceutical  Journal  for  Feb.  1871.    8yo. 

Photographic  News  for  Feb.  1871.    4to. 

Scientific  Review  for  Feb.  1871.    fol. 
EUiot,  Lady— History  of  India  as  told  by  its  own  Historians.  Edited  from  Papen 

by  Sir  H.  Elliot,  by  J.  Dowson.    Vol.  III.    8vo.     1871. 
Qeciogioal  Institute,  Imperial^  Vienna — Jahrbuch,  1870,  Na  3.    Sva 

Verhandlungen,  1870,  No.-lO.    8vo. 
Geological  Society— QmxieiXj  Journal,  Na  105.    8vo.     1871. 
Geological  Survey  Office— Mmcrol  Statistics.    1869.    8va 

Memoirs.    2  Parts.    8vo.     1870. 

Catalogue  of  Maps,  &c    8vo. 
Jencken,  Uenry  D,  Esq.  MM  J. — Compendium  of  Modem  Roman  Law.    By  F.  J. 

Tompkins  and  U.  D.  Jcnckcn,  8vo.  1870. 
Linnean  Society — Journal,  No.  150.  870.  1871. 
London  Institution — Journal,  No.  3.    8vo.     1871. 

Meteorological  0#<;«— Quarterly  Weather  Report,  1869.    HL    4ta    1870. 
Preussitche  Akddemie  der  Wissenschaften — Monatsbcrichto,  Dec.  1870.    8vo. 
Royal  Society  of  £'<iin6ttfyA— Transactions,  Vol.  XXVL  Part  1.    4to.    1870. 

Proccedinjcs,  1869-70.    8vo. 
Royal  Society  of  London — Procoedings,  No.  125.    8Ta    1871. 

Transactions,  Vol.  CLX.  Part  2.    4to.    1870. 
Symons,  G.  J,  Esq.  (the  Author)— SjmauB'  Monthly  Meteorological  Magatine, 
Feb.  1871.    8vo. 
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WEEKLY  EVENING  MEETING, 

Friday,  March  10,  1871. 

Sib  HiENBT  Holland,  Bart.  M.D.  D.CX.  F.B.S.  President, 

in  the  Chair. 

William  B.  Cabpenteb,  M.D.  F.RS. 

On  the  Latest  ScienUfic  Besearchea  in  the  Mediterranean. 

The  objects  of  the  *  Porcupine '  Expedition  of  1870  were :  (1)  to  con- 
tinue southwards  the  Physical  and  Biological  exploration  of  the  Deep 
Sea,  from  the  northern  extremity  of  the  Bay  of  Biscay,  at  which  it 
had  terminated  in  1869,  to  the  Strait  of  Gibraltar ;  (2)  to  prosecute 
similar  inquiries  in  the  Western  basin  of  the  Mediterranean  between 
the  Strait  of  Gibraltar  and  Malta ;  and  (3)  to  determine  whether  an 
outward  under-current  does  or  does  not  exist  in  the  Strait,  carrying 
back  Mediterranean  water  into  the  Atlantic. 

These  objects  were  on  the  whole  satisfactorily  attained ;  the  only 
part  as  to  which  there  was  any  want  of  success  being  the  exploration 
of  the  Bay  of  Biscay,  which  was  prevented  by  unfavourable  weather. 
The  Drcdgings  and  Temperature-soundings  on  the  Atlantic  coast  of 
Spain  and  Portugal  gave  results  of  very  great  interest;  while  the 
remarkable  contrast  to  these  results  afforded  by  the  peculiar  Tempera- 
ture-phenomena of  the  Mediterranean,  and  by  the  comparative  sterility 
of  its  depths,  proves  of  unexpected  value  in  the  elucidation  of  questions 
of  high  importance  to  the  Physical  Greographcr  and  the  Geologist. 
The  existence  of  an  outward  under-current  in  the  Strait  of  GibrtJtar 
has  now  been  placed  beyond  all  doubt ;  and  the  determination  of  the 
Physical  Cause  by  which  the  inward  surface-current  and  the  outward 
under-current  are  alike  sustained,  has  a  direct  bearing  on  a  much 
larger  question, — that  of  the  General  Oceanic  Circulation, — pro- 
pounded in  the  speaker's  previous  Discourses  (April  9,  1869,  and 
Feb.  11, 1870). 

The  Mediterranean  Sea  consists  of  two  distinct  basins,  which 
would  be  entirely  separated  from  each  other  by  an  elevation  of  the 
bottom  to  the  amount  of  about  300  fathoms ;  for  this  would  establish 
a  continuity  of  laud  between  Italy,  Sicily,  and  the  northern  coast  of 
Africa;  whereby  the  eastei-n  basin,  which  extends  from  Malta  to 
the  Levant,  would  be  cut  off  from  the  western  basin,  which  extends 
from  Malta  to  Gibraltar.     A  yet  smaller  elevation  than  this  would 
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completely  cut  off  the  western  basin  from  tlie  Atlantic  ;  for>  although 
the  narrower  part  of  the  Strait  of  Gibraltar,  near  its  eastern  extremity, 
has  a  depth  exceeding  500  fathoms,  there  is  a  gradual  shallowing, 
with  increase  of  width,  towards  its  western  extremity ;  so  that  where 
it  opens  out  between  Capes  Trafalgar  and  Spartel,  a  considerable  part 
of  it  has  a  depth  of  less  than  100  fathoms,  whilst  its  deepest  channel 
does  not  exceed  200  fathoms.  The  bottom  slopes  westwards,  or  to- 
wards the  Atlantic,  from  this  snmmit-ridge ;  which  thus  constitutes  a 
kind  of  marine  "  watershed  "  between  the  Atlantic  and  the  Mediterra- 
nean. The  depth  of  the  Western  basin  approaches  1500  fathoms  over 
a  considerable  part  of  its  area;  sometimes  exceeding  that  amount; 
whilst  that  of  tiie  Eastern  basin  approaches  2000  fathoms  in  many 
parts,  and  reaches  2150.  Thus  such  an  elevation  of  the  whole  area 
as  would  convert  the  Mediterranean  into  two  "  self-contained  "  lakes, 
whilst  somewhat  contracting  their  surface,  would  leave  their  depth 
comparatively  little  diminished. 

The  effect  of  the  ridge  at  the  western  extremity  of  the  Strait  of 
Gibraltar  is  to  cut  off  all  direct  communication  between  the  deeper 
water  of  the  Mediterranean  and  that  of  the  Atlantic,  whilst  allowing 
a  communication  between  their  «ur/ac6- waters ;  but,  as  will  be  pre- 
sently shown,  this  limited  interchange  between  Atlantic  and  Mediter- 
ranean water  affects  the  constitution  of  the  latter  to  a  depth  consi- 
derably greater  than  that  of  the  channel  of  communication  between 
them. 

Density, — The  first  point  of  difference  between  the  water  of  the 
Mediterranean  and  that  of  the  Atlantic,  is  in  regard  to  their  respec- 
tive proportions  of  Salt, 

In  the  course  of  this  Expedition  numerous  samples  of  Mediterra- 
nean water  were  collected  from  various  points  of  the  surhce,  and 
from  various  depths,  ranging  downwards  to  1743  fathoms.  These 
samples  were  almost  entirely  obtained  from  the  western  basin;  but 
the  deepest  sample  was  taken  from  the  eastern  basin,  about  sixty 
miles  beyond  Malta.  The  Specific  Gravity  of  each  was  determined 
at  the  time  by  Hydrometers  specially  constructed  for  the  purpose,  and 
specimens  of  the  most  remarkable  were  brought  home  for  verification 
with  the  Balance.  The  proportion  of  Chlorine  in  each  sample  was 
determined  by  volumetric  analysis,  which  can  be  readily  carried  on 
aboard  ship ;  and  from  this  the  entire  proportion  of  Salt  may  be  esti- 
mated with  considerable  exactness.  The  Physical  and  the  Chemical 
method  of  ascertaining  the  density  of  each  sample  gave  results  which 
generally  accorded  very  closely.  Similar  determinations  had  been 
previously  made  in  regard  to  samples  of  water  taken  in  the  Atlantic, 
both  from  the  surface  and  from  various  depths  down  to  1095  ^thorns, 
during  the  voyage  of  the  *  Porcupine '  from  Falmouth  to  Lisbon. 

A  comparison  of  these  results  leaves  no  doubt  that  there  is  an 
excess  of  Salinity  in  the  water  of  the  Mediterranean  above  that  of  the 
Atlantic ;  but  that  this  excess  is  kept  within  very  narrow  limits. 

The  range  of  Specific  Gravity  in  Atlantic  water  was  from  a  most- 
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mum  of  1  0269  to  a  minimum  of  1*0261 ;  tho  mean  of  all  the  obser- 
vations being  1  *  0265. 

Tho  Maximnm  occurred  in  ^uf/aee-water,  the  Minimum  in  bottom- 
water. 

The  proportion  of  Chlorine  was  determined  by  volumetric  analysis 
in  34  samples.  Of  these  samples  12  were  of  surface-wtXer^  12  of 
bottom-water  from  various  depths  down  to  1095  fathoms,  and  10  of 
intermediate  water.  Tho  resiQts  are  expressed  in  granmies  per  1000 
cubic  centimetres  of  water : — 


Averago 

Maximum 

Minimum 


Surfaoe-watcr. 
.      19»4 
.     20- 19 
.     19-81 


lotennodUle  water. 
19-85 
19-94 
19-70 


Bottom-watier. 
19-75 
19-98 
19-46 


It  appears  £rom  these  results  that  there  is  a  slight  excess  of  Sali- 
nity in  the  Mtr/oce-water  of  the  Atlantic,  as  had  been  previously 
observed  by  Forchhammer ;  the  excess,  however,  being  so  small  as 
not  to  neutralize  the  excess  of  density  which  the  deeper  water  derives 
from  its  lower  temperature  and  from  the  pressure  of  the  superincum- 
bent column.  Five  determinations  of  the  Chlorine  contained  in  sam- 
ples taken  at  the  same  spot,  from  tho  surface,  and  from  10,  25,  50, 
and  100  fathoms,  gave  the  following  results : — 


Surface 20*013 

10  fathoms      ..      ..     19-909 
25        19-909 


i> 


50  fathoms 
100 


n 


19-909 
19-805 


A  comparison  of  these  seems  to  indicate  that  the  excess  of  Sali- 
nity, being  limited  to  a  more  superficial  film,  is  entirely  due  to  evapo- 
ration ;  and  the  reason  why  this  more  concentrated  film  does  not  sink, 
as  it  does  in  the  Mediterranean,  seems  to  be  that  its  excess  of  Salinity 
is  so  small,  that  even  at  the  depth  of  10  fathoms  its  efifect  on  Specific 
Gravity  is  neutralized  by  the  greater  density  arising  from  reduction 
of  Temperature. 

The  range  of  Specific  Gravity  in  proper  Mediterranean  water 
(excluding  samples  taken  where  the  influence  of  the  Atlantic  inflow 
was  perceptible)  was  from  a  maximum  of  1*0292  to  a  minimum  of 
1*0268.  But  there  was  here  so  marked  a  diflerence  in  Salinity  be- 
tween Surface"W9.ter  and  Botto»i-water,  as  indicated  alike  by  Specific 
Gravity  and  by  Chlorine  determinations,  that  the  rosnlts  of  the  two 
series  of  observations  need  to  be  presented  separately  : — 


Suaffaoe-water. 

Bottom'Water. 

Sp.  fH".          Chlorine. 

Sp.  gr.         Chlorine. 

Average 

10278        20-87 

•  • 

1-0285        21-38 

Maximum  .. 

10284         21-32 

•  • 

1-0292        21-88 

Minimum  .. 

10205        20*70 

•  • 

1-0281        21-08 

The  maximum  density  having  first  presented  itself  at  moderate 
depths  in  the  Western  basin,  it  was  expected,  when  greater  depths 
were  sounded,  that  the  bottom- water  would  prove  yet  more  dense. 
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This,  however,  was  not  found  to  be  the  case ;  for  the  greater  the 
depth,  the  less  was  the  excess  in  the  density  of  the  bottom-water. 
Thus  in  the  1743  fathoms'  sounding,  the  Specific  Gravity  of  the 
Surface-water  being  1*0281,  that  of  the  Bottom-water  was  only 
1 '  0283.  On  grouping  all  the  observations  on  the  Density  of  bottom- 
water,  as  indicated  alike  by  Specific  Gravity  and  by  the  proportion  of 
Chlorine,  into  three  series,  according  to  Depth,  the  following  curious 
result  was  arrived  at : — 


Fathoms. 

Chlorine. 

Sp.gr. 

200  to   400,  Mean  of  7  observations 

.      ..     21-53 

1-0287 

400  „    800       „        7          „ 

.      ..     21-38 

1-0285 

1300  „  1700       „        6          „ 

.      ..     21-21 

10283 

Thus  it  appears  that  the  excess  of  Salinity  is  greatest  in  the 
shallower  water,  and  that  it  gradually  diminishes  with  the  depth. 
This  is  also  shown  most  strilongly  by  comparing  the  sample  taken 
from  the  least  depth  (207  fcithoms)  with  that  taken  from  the  greatest 
depth  (1703  fathoms) ;  for  it  was  the  former  that  showed  the  maximum 
of  21*88,  and  the  latter  that  showed  the  minimum  of  21*08.  Now 
this  fact  seems  not  difficult  to  account  for,  if  we  consider  the  mode  in 
which  the  concentration  of  the  surface-film  will  be  likely  to  affect  the 
water  below.  For  it  can  be  shown  experimentally,  by  pouring  a  strong 
saline  solution  tinged  with  colour  upon  the  top  of  a  weaker  colourless 
solution,  that  the  fbrmer  will  in  the  first  instcmce  sink  *'  bodily,"  but 
will  gradually  impart  its  excess  of  salt  to  the  liquid  through  which  it 
falls ;  the  descent  of  the  coloured  stratum  becoming  slower  and  slower, 
and  its  colour  being  more  and  more  imparted  to  the  general  mass  of 
the  liquid.  The  proportion  of  salt  will  in  time  be  made  uniform 
throughout  the  whole  column  by  '^  diffusion."  Now  it  is  obvious  that 
if  each  column  rests  (so  to  speak)  on  its  own  base,  the  degree  in 
which  the  Salinity  of  the  whole  mass  is  raised  by  the  addition  of  a 
more  concentrated  solution  will  depend  cceteris  paribus  upon  its 
height ;  and  thus  where  the  depth  of  the  Mediterranean  basin  is  only 
between  200  and  400  fiGithoms,  we  might  expect  the  Specific  Gravity 
of  its  water  to  be  more  raised  by  the  successive  concentration  of  its 
surface-films,  than  where  the  depth  ranges  from  1300  to  1700  fathoms, 
— as  proves  to  be  actually  the  case. 

Temperature. — Nothing  can  be  more  marked  than  the  contrast 
between  the  Tempero/ure- [phenomena  of  the  Mediterranean  and  those 
of  the  Atlantic.  The  Temperature-soundings  taken  on  the  coast  ot 
Spain  and  Portugal  confirm  in  a  remarkable  manner  the  deductions 
drawn  in  former  Discourses,  as  to  the  southward  underflow  of  Arctic 
water  along  the  floor  of  the  Atlantic  basin  ;  as  will  be  seen  on  com- 
paring the  two  following  Tables. 

Making  allowance  for  difference  of  Latitude,  and  excluding  the  in- 
fluence of  direct  Solar  radiation  in  mperheating  the  nii/oce-layer,  the 
correspondence  between  these  temperatures  down  to  350  fathoms  is 
remarkably  close.    But  whilst  the  same  slow  rate  of  reduction  con- 
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tinaes  in  No.  II.  down  to  800  fathoms, — ^the  bottom-temperatore  at 
802  fathoms  being  49^*3, — the  redaction  is  more  rapid  in  No.  I.,  so 
that  the  temperature  of  45^*5  is  reached  at  600  fathoms,  whilst  at 
800  fathoms  the  temperature  falls  to  42°.  Below  800  fathoms,  how- 
eyer,  in  No.  11.,  the  temperature  undergoes  so  extraordinarily  rapid  a 
depression,  that  it  is  reduced  nine  degrees  within  the  next  200  fathoms ; 
the  water  at  994  fathoms  being  only  2°  warmer  than  it  is  at  1000 
fathoms  in  No.  I.  A  slight  further  reduction  of  temperature  is 
noticeable  in  the  two  deepest  soundings  taken  in  the  Atlantic  Cruise 
of  1870,  the  temperature  found  at  nearly  1100  fathoms  (No.  IL)  being 
just  2°  higher  than  that  found  at  1250  in  No.  L 


Tehferatxtbe  of  the  Sea 

AT  Different  Depths 

NEAB  THE  . 

Maboin  of 

THE 

t 

d 

NfOBTH   AtLj 

kNTio  Basin. 

1 

I. 

Chops  of  the  Channel,  186S 

).    Average 

II. 

Goact  of  Spahi  and  Portagal,  isTa 

Latliude,  ^S*'. 

Average  lidtftude.  SS'^. 

Depth,  hi 

Sarface- 

Bottom-     1 

I>epUi,  In 

Sorface- 

Bottom* 

Fathoms. 

Tcmp.  °  Fahr. 

Temp.  °  Fahr.' 

Fathunis. 

Temp.  °  Fahr. 

Temp,  o  Fahr. 

75 

660 

49-7 

81 

60-5 

53-5       i 

96 

68-4 

51-3 

128 

61-5 

52-5 

250 

62-6 

50-2 

1         248 

64-7 

51-7 

300 

62-6 

49-6 

332 

60-5 

51*5 

850 

62-6 

49- 1                840 

670 

50-5 

450 

62-6 

47-6       i        469 

69-7 

51-5 

557 

63-0 

47-0       ! 

600 

62-6 

45-5      '!        620 

67-3 

50*5 

725 

63-9 

43-9      ! 

1 

1 

718 
722 

66-5 
67-5 

50-5 
49-7 

750 

62-6 

42-5 

740 

66-7 

49  0 

800 

62-6 

420 

802 

66-5 

49-3 

862 

62-6 

39-7 

994 

69-5 

40-3 

1000 

64-0 

38-3 

1065 

650 

39-7 

1250 

64-0 

37-7 

1 

1095 

680 

39-7 

Considering  these  facts  in  the  light  thrown  upon  the  Temperature 
phenomena  of  the  Atlantic  Basin  by  those  of  the  '^  Cold  Area  "  ex- 
plored in  1869,  it  appears  clear  that  we  have  in  the  Latitude  of  Lisbon 
the  same  distinct  separation  between  an  upper  warm  and  a  lower  cold 
stratum  as  presented  itself  in  the  channel  between  the  Shetland  and 
the  Faroe  Islands ;  but  whilst  the  '*  stratum  of  intermixture  *'  in  the 
latter  lies  between  150  and  300  fathoms,  it  lies  in  the  former  between 
800  and  1000  fathoms.  It  seems  perfectly  clear  that  the  lower  stratum 
must  have  had  a  Polar  source ;  but  there  is  no  evidence  that  the  upper 
stratum  is  derived  from  any  source  nearer  the  Equator.  Its  tempera- 
tare,  indeed,  is  lower  by  4°  or  5^  than  that  of  the  Mediterranean  in  the 
same  parallel  of  Latitude  at  corresponding  depths ;  and  since  the  tern- 
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peratnre  of  the  latter  may  be  considered  as  the  normal  of  the  Latitude, 
— this  great  Inland  Sea  being  virtnally  excluded  from  participation  in 
the  general  Oceanic  Circulation, — it  would  seem  that  the  effect  of  that 
circulation  is  rather  to  lower  than  to  raise  the  temperature  of  the  upper 
stratum  of  this  portion  of  the  Atlantic.  Its  Surface-temperature 
during  the  summer  is  decidedly  lower  than  that  of  the  Mediterranean 
under  the  same  parallel ;  and  the  limitation  of  the  superheating  to  its 
most  superficial  layer  is  in  entire  accordance  with  our  Mediterranean 
observations  upon  this  point.  As  far  as  can  be  gathered  from  the  data 
we  at  present  possess,  the  winter  Surface-temperature  of  this  portion  of 
the  Atlantic  is  scarcely,  if  at  all,  higher  than  that  of  the  Mediterra- 
nean xmder  the  same  parallels.  Hence  it  seems  a  justifiable  conclusion 
that  neither  the  superficial  layer,  nor  any  portion  of  the  upper  stratum, 
of  the  Atlantic  water  that  laves  the  coasts  of  Spain  and  Portugal 
receives  any  accession  of  heat  from  the  extension  of  the  Gulf-stream 
into  its  area. 

The  daily  averages  of  the  Surface-temperature  of  the  Mediterranean 
between  the  16th  of  August  and  the  28th  of  September,  ranged  between 
73^  and  79°.  This  great  elevation,  however,  is  confined  to  a  com- 
paratively shallow  stratum,  as  is  shown  in  the  following  Table  of 
Serial  Soundings  taken  at  three  different  Stations : — 

I.  II.  III. 

°Fahr.    Utt.  o  Fiihr.      Dlff.         » Fahr.   Dlff. 

Surface 74-5  i  69*5  i  77*0 


5  fathoms  .. 

10  „  ..  ..  69-3 

20  „  ..  ..  G5-0 

30  „  ..  ..  630 

40  „  ..  ..  (il-7 

50  I,  . .  , ,  5  J  *  7 

100  „  ..  ..  551 


5-2  [10*5        7G0[60 


4-3 
20 
1-3 
20 


590, 
57-5 


1-5 


'^^'^    95 


(51-5 


5G-5{    J.2        600 
55-7  {    ^.°        67-3 


4-6  ^^'^      0-6        ^^"^     V2 


1-5 
2-7 
0-6 


The  first  of  these  Stations,  although  the  nearest  to  the  Strait  of 
Gibraltar,  seems  to  have  been  out  of  the  direct  influence  of  its  cold  in- 
current,  which  shows  itself  very  strongly  in  the  second,  alike  in  the 
lower  Surface- temperature,  and  in  the  reduction  of  10^*5  in  the  first 
ten  fathoms.  The  third  may  perhaps  be  taken  as  representing  most 
characteristically  the  thermal  condition  of  the  upper  stratum  of  the 
water  of  the  Mediterranean  during  the  season  of  greatest  heat ;  and 
we  here  observe  that  while  the  Thermometer  fell  only  1°  in  the  first 
five  fat&oms.  it  fell  5^  in  the  second  five,  and  no  less  tlum  9^*5  between 
10  and  20  fathoms,  below  which  depth  the  reduction  was  very  slow. 
At  100  fathoms*  depth,  there  was  not  a  difference  of  more  than  O^'B 
between  the  temperatures  at  the  three  Stations. 

The  uniformity  which  showed  itself  in  the  Bottom-temperature  at 
aU  depths  below  100  fathoms  was  very  remarkable.*  The  lowest  Bottom- 

*  This  uniformity  had  been  previonaly  noticed  by  M.  Aime'  and  Captain 
Spratt;  but  as  their  observations  wcro  made  with  unprotected  thermometers, 
their  accuracy  could  not  be  relied  on. 
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tempcraturo  any  whoro  mot  with  was  54° ;  and  this  presented  itself  at 
a  depth  of  790  fathoms.  The  highest  anywhere  met  with  was  56^*5; 
and  this  presented  itself  in  three  instances,  at  depths  of  266,  390,  and 
445  fathoms.  But  that  the  trifling  elevation  was  not  in  any  way 
dependent  upon  the  smaller  depth  of  these  soundings,  was  obvious 
from  two  considerations : — first,  tiiat  the  deepest  soundmg  gave  a  tem- 
perature of  56^  on  a  bottom  of  1743  fathoms,  whilst  55°  was  found 
at  depths  of  1456  and  1508  fathoms ;  and  second,  that  the  slight  varia- 
tions observable  among  the  Bo^^om-temperatures  occurred  also  between 
the  temperatures  taken  at  100  fathoms.  In  fact,  whatever  ^  temperor 
tare  xdos  at  100  fa/thoms^  thai  vjas  the  temperature  of  the  whole  maee  of 
water  beneath,  down  to  the  greatest  depth  explored.  In  that  part  of  the 
Western  basin  of  the  Mediterranean  which  lies  between  Gibraltar  and 
Sardinia,  the  Bottom-temperature  ranged  between  54°  and  55°*  5,  the 
average  being  54°*  9.  East  of  this,  in  the  neighbourhood  of  Sicily, 
the  Bottom-temperature  ranged  between  55°  and  56°  *  5,  the  average 
being  55^*8.  It  was  because  it  was  thought  possible  that  the  slight 
excess  of  Bottom-temperature  on  this  area  might  be  due  to  volcanic 
heat  beneath,  that  our  homeward  course  was  directed  by  way  of  Etna 
and  Stromboli,  for  the  purpose  of  ascertaining  if  the  near  neighbour- 
hood of  a  constantly  active  volcano  has  any  influence  in  raising  the 
temperature  of  the  bottom.  No  such  influence,  however,  was  percep- 
tible, the  temperatures  there  obtained — viz.  55°  *  7  at  392  fathoms,  and 
55° '3  at  730  fathoms— being  rather  helow  than  above  the  average. 

The  remarkable  contrast  thus  presented  to  the  slow  but  continuous 
reduction  of  temperature  encoimtered  in  the  successive  strata  of  Oceanic 
water  in  the  great  Atlantic  basin,  and  to  the  sudden  fall  which  pre- 
sents itself  as  the  thermometer  descends  to  its  lower  depths,  excites 
inquiry  into  the  cause  of  the  difference.  It  is  now  clear  that  no 
amount  of  9ur/ace-heat  has  power  directly  to  affect  the  temperature  of 
sea-water  to  a  greater  depth  than  100  fathoms,  the  elevation  of  tem- 
l)erature  it  produces  below  30  fathoms  being  very  slight ;  and  it  seems 
also  clear  that  the  uniform  temperature  of  from  54°  to  66°  •  5  encoun- 
tered below  the  100  fathoms*  stratum,  represents  the  permanent  tem^ 
perature  of  the  great  mass  of  water  which  occupies  the  Mediterranean 
basin.  Now  this  mass  is  entirely  cut  off  from  the  influence  of  the 
Grcneral  Oceanic  Circulation ;  the  surface-inflow  through  the  Strait  of 
Gibraltar  having  no  other  effect  than  slightly  to  lower  the  general 
temperature  at  the  western  extremity  of  the  basin.  And  the  miiform 
permanent  temperature  of  the  mass  of  Mediterranean  water  may  thus 
be  considered  as  representing  the  mean  temperature  of  the  earth  in 
that  region,  slightly  raised  perhaps,  by  a  downward  convection  of  heat 
from  the  surface  in  the  manner  to  be  presently  described.  With  such 
an  allowance,  it  corresponds  closely  with  the  determinations  of  the 
mean  temperature  of  the  crust  of  the  earth  in  Europe,  made  by  sink- 
ing thermometers  into  the  ground  to  such  a  depth  as  to  seclude  them 
from  the  direct  influence  of  summer  heat  or  winter  cold,  but  not  to 
bring  them  within  the  direct  influence  of  the  internal  heat  of  the  earth. 
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The  temperature  of  deep  cayes  gives  another  set  of  data  of  the  like  kind, 
which  accord  very  closely  with  the  foregoing.  Thus,  Mr.  Pengelly 
states  that  the  temperature  in  the  part  of  Kent's  Hole,  at  Torquay, 
which  is  farthest  from  its  entrance,  varies  but  little  from  52^  through- 
out the  year.  There  is  a  cave  in  the  island  of  Pantellaria,  lying 
between  Sicily  and  the  African  coast,  which  is  reputed  to  be  of  "  icy 
coldness;"  but  Lieut.  Millard,  of  H.M.S.  'Newport,'  who  has  lately 
been  making  a  careful  survey  of  the  island,  informed  us  that  although 
he  felt  it  "  very  cold  "  on  passing  into  it  out  of  a  very  hot  sunshine,  its 
actual  temperature,  taken  by  ^ermometer,  was  54^.  And  we  have 
also  learned,  on  good  authority,  that  this  is  the  temperature  of  the 
bottom  of  the  deepest  tanks  in  which  water  is  stored  up  in  Malta,  pro- 
vided that  these  are  excavated  (as  is  very  commonly  the  case)  beneath 
the  houses,  or  are  in  any  other  way  secluded  from  the  direct  rays  of 
the  sun. 

The  superficial  stratum  of  the  water  of  the  Mediterranean  being 
cooled  down  during  the  winter  months  to  the  uniform  temperature  of 
the  depths  below,  we  have  to  inquire  ih  what  manner  it  would  be 
affected  by  the  heating  power  of  the  summer  sun.  This,  it  is  obvious, 
can  be  only  exerted  directly  upon  the  actual  surfaice ;  for  the  conducting 
power  of  water  is  so  small,  that  very  little  downward  transmission  of 
heat  would  take  place  through  its  agency.  Further,  as  the  application 
of  heat  at  the  surface  will  render  the  superficial  layer  specifically 
lighter,  no  such  convection  will  take  place  in  the  doumward  direction 
as  takes  place  upioarda  when  heat  is  applied  at  the  bottom.  But 
another  agency  comes  into  play  in  the  case  of  sea-water.  The  rapid 
evaporation  produced  by  powerful  solar  radiation,  especially  when 
aided  by  the  hot  dry  winds  of  Africa,  occasions  such  a  concentration 
of  the  surface-film,  that,  in  spite  of  its  elevation  of  temperature,  it 
becomes  specifically  heavier,  and  descends — to  be  replaced  by  a  fresh 
layer.  In  this  manner  it  will  carry  down  an  excess  of  heat,  which 
diffuses  itself  through  the  subjacent  layer,  of  course  producing  the 
greatest  elevation  of  temperature  in  the  stratum  nearest  the  surface. 
The  continual  repetition  of  this  process  through  the  hot  season  will 
carry  the  elevation  of  temperature  farther  and  farther  down ;  but  so 
soon  as  the  temperature  of  the  air  &Us  much  below  that  of  the  sea,  the 
surface-layer  being  cooled  will  become  heavier  and  sink,  and  will  thus 
carry  down  cold  instead  of  heat,  so  as  to  lower  the  temperature  of  the 
stratum  below. 

Solid  Matter  in  Suspension. — The  water  of  the  Mediterranean  is 
distinguished  from  that  of  the  Atlantic,  not  only  in  the  larger  propor- 
tion of  saline  matter  which  it  holds  in  solution^  but  also  in  having  dif- 
fused through  its  whole  mass,  in  a  state  of  suspension^  particles  of  solid 
matter  in  an  extremely  fine  state  of  division.  The  Bottom-water  taken 
up  from  great  depths,  was  nearly  al^^ays  found  to  be  turbid  ;  and  this 
turbidity  was  produced  by  particles  of  such  extreme  fineness,  that  it 
was  with  difficulty  removed  by  filtration.  Now  it  is  a  fact  well  known 
to  Chemists  and  Physicists,  that  the  length  of  time  required  for  the 
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deposit  of  a  precipitate  increases  with  the  fineness  of  the  diyision  of  its 
particles,  notwithstanding  that  the  material  of  which  they  are  composed 
may  bo  of  very  high  Specific  Gravity.  Thus  it  was  shown  by  Faraday 
that  precipitates  of  Grold  may  not  subside  for  a  month ;  and  Mr.  Bah- 
bago  has  calculated  that,  in  the  case  of  lighter  substances,  a  period  of 
hundreds  of  years  may  be  required  for  the  gravitation  of  very  finely 
divided  particles  through  a  considerable  mass  of  fluid.  Now  as  the 
degree  of  this  turbidity  was  found  to  bear  a  general  relation  to  the 
depth, — being  greatest  where  the  superincumbent  column  was  the 
highest, — it  may  be  fiiirly  concluded  that  the  perceptible  turbidity  of 
the  Bottom-water  is  due  to  the  imperceptible  difi^ion  of  the  same 
finely  divided  matter  throughout  the  entire  mass  of  superincumbent 
water.  And  that  this  is  r^lly  the  case,  is  shown  by  two  different 
methods  of  proof.  We  learned  from  the  Engineer  of  the  Peninsular 
and  Oriental  Company's  steam-ship  by  which  we  proceeded  to  join  the 
'Porcupine*  at  Gibraltar,  that  the  deposit  removed  from  the  boilers 
after  working  in  the  Mediterranean  differs  from  that  left  by  Atlantic 
water,  not  only  in  its  larger  proportion  of  eaU,  but  in  having  a  very 
finely  divided  mud  diffused  through  it,  which  is,  of  course,  derived  from. 
the  evaporation  of  Surface-WAter,  The  result  of  this  large-scale  experi- 
ment harmonizes  exactly  with  Prof.  Tyndall's  examination  of  a  small 
sample  of  the  Surface-water  of  the  Mediterranean  by  the  Electric  light ; 
for  he  found  it  to  be  charged  with  very  minute  particles  in  suspension, 
as  is  also  the  water  of  the  Lake  of  Geneva.  And  he  has  further  shown 
that  it  is  in  each  case  to  the  presence  of  these  particles,  that  we  are  to 
attribute  the  peculiar  intensity  of  the  blue  colour  by  which  both  these 
waters  are  characterized.* 

If  we  inquire  into  the  source  of  these  suspended  particles,  the 
progressive  subsidence  of  which  gives  rise  to  the  fine  muddy  deposit 
that  covers  all  the  deeper  parts  of  the  Mediterranean,  we  find  that  (so 
far,  at  least,  as  the  Western  basin  is  concerned)  they  have  been  in  all 
probability  brought  down  into  it  by  the  Bhone.  The  upper  part  of 
that  river,  as  is  well  known,  is  constantly  transporting  a  vast  mass 
of  sedimentary  matter  into  the  Lake  of  Geneva ;  and  while  the  deposit 
of  the  coarser  particles  of  the  sediment  at  the  upper  end  of  the  Lake 
is  causing  a  progressive  formation  of  alluvial  land,  the  water  which 
passes  off  at  the  lower  eud,  though  apparently  clear,  is  still  charged 
with  particles  in  a  finer  state  of  division.  The  Western  basin  of  the 
Mediterranean  stands  in  the  same  relation  to  the  lower  part  of  the 
Ehone  and  to  the  tributaries  which  discharge  themselves  into  it,  that 
the  Lake  of  Greneva  does  to  its  upper  part.  And  a  like  universal 
diffusion  of  fine  sedimentary  particles  through  the  Eastern  basin  is 
probably  effected  by  the  transporting  agency  of  the  Nile. 

The  very  slow,  but  constant,  subsidence  of  these  minute  sedimen- 
tary particles,  then,  is  the  source  of  a  large  part  of  the  material  of  that 
fine  tenacious  mud  which,  mingled  with  a  larger  or  smaller  proportion 


*  See  *  Nature,'  Oct.  18, 1870. 


1871.]         Latest  Scientific  Iteaearchea  in  the  Mediterranean,  245 

of  sand,  partly  calcareons  and  partly  eilicions,  constitutes  the  deposit 
at  present  in  progress  on  the  deeper  parts  of  the  Mediterranean  sea- 
bed. The  source  of  the  calcareous  sand,  which  is  itself  in  a  state 
of  very  minute  subdivision,  is  probably  to  be  found  in  the  abrasion 
of  the  Calcareous  Tertiaries  which  form  the  shore-line  round  a  large 
part  of  the  Western  basin.  This  abrasion  is  specially  noticeable  at 
Malta,  where,  for  the  security  of  the  fortifications,  it  has  been  found 
necessary  to  check  it  by  artificial  means.  The  singular  barrenness  of 
this  deposit  in  regard  to  animal  life  forced  itself  upon  our  attention 
during  the  whole  of  our  Dredging-operations  in  the  Mediterranean  ;* 
and  though  disappointed  as  Zoologists  in  not  meeting  with  the  novelties 
we  hoped  to  encounter,  the  negative  result  of  our  sedulous  investigsi- 
tions  seems  to  have  an  important  Geological  bearing. 

Our  previous  researches  have  fully  demonstrated  the  fact,  that  the 
depth  of  from  600  to  1200  fathoms  is  not  per  se  inconsistent  with 
the  existence  of  a  varied  and  abundant  Fauna ;  and  that  the  reduction 
which  shows  itself  at  from  1200  to  2435  fathoms  seems  to  depend  as 
much  on  depression  of  temperature,  as  on  increase  of  depth.  Hence  it 
was  fairly  to  be  expected  that  a  varied  and  abundant  Fauna — probably 
containing  a  number  of  Tertiary  types  supposed  to  have  been  long 
extinct — would  have  been  found  between  500  and  1500  fathoms,  on  a 
bottom  of  which  the  temperature  seems  never  to  fall  below  54°.  Now 
the  question  as  to  the  cause  of  the  deficiency  of  Animal  life  on  this 
bottom  naturally  connects  itself  with  the  old  geological  difficulty,  of 
which  the  inquiries  of  Prof.  E.  Forbes  were  long  supposed  to  afibrd  a 
satisfactory  solution,  viz,  the  existence  of  vast  thicknesses  of  sedimen- 
tary strata,  almost  or  entirely  destitute  of  Organic  remains.  The 
explanation  which  has  been  accepted  for  many  years, — that  these 
deposits  were  formed  in  seas  too  deep*  to  allow  of  the  existence  of 
animals  on  their  bottom, — having  been  now  shown  to  be  untenable, 
the  old  difficulty  recurs ;  and  it  is  obvious  that  if  it  can  be  shown  that 
a  condition  prejudicial  to  animal  life  now  prevails  on  the  Mediter- 
ranean bottom,  which  also  prevailed  when  other  azoic  deposits  were 
formed,  a  great  step  will  have  been  gained.  Such  a  condition  is  to  be 
found  in  the  turbidity  of  the  BotUyin-waier,  All  marine  animals  are  de- 
pendent for  the  aeration  of  their  fluids  on  the  contact  of  water  either 
with  their  external  surface,  or  with  special  (branchial)  prolongations 
of  it.  Now  if  this  water  be  charged  with  suspended  particles  of 
extreme  fineness,  the  deposit  of  these  particles  upon  the  respiratory 
surface  will  interfere  with  the  aerating  process,  and  will  tend  to  pro- 
duce asphyxia.  This  is  not  a  mere  hypothesis.  It  is  well  known  that 
oyster-bods  cannot  be  established  in  situations  to  which  fine  mud  is 


.  *  The  question  haa  been  asked,  why  the  shallower  bottom  nearer  shore  does 
not  8how  the  like  barrenne88.  The  answer  is  simply  that  the  sedimentary  road 
irt  not  depo.iite<i  there  in  anything  like  the  same  quantity.  The  amount  of  such 
8e<linieT)t  defioHited  in  a  given  time  will  depend  upon  the  amount  held  in  suspen- 
sion in  tiic  column  above ;  and  this  cctteris  paribus  will  be  proportional  to  its 


height 
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brought  by  any  fluvial  or  tidal  current.  And  Mr.  Jeffireys,  when 
dredging  some  years  ago  in  the  neighbourhood  of  Spezzia,  haying  on 
one  occasion  passed  a  Httle  out  of  the  bay,  from  a  sandy  bottom  rich 
in  animal  life  to  a  muddy  bottom  (this  mud  being  doubtless  a  part  of 
the  Rhone  deposit),  without  any  considerable  increase  of  depth,  was 
forcibly  struck  by  the  barrenness  of  the  latter. 

It  will  be  for  Greologists  to  say  how  fax  this  explanation  can  be 
applied  to  the  case  of  the  azoic  sedimentary  deposits  of  former  epochs. 
One  very  notable  case  of  the  kind  has  been  observed  by  Dr.  Duncan ; 
that  of  the  Fleisch,  a  stratum  not  less  than  6000  feet  thick,  extending 
from  Mont  Blanc  to  the  Styrian  Alps,  which  must  have  been  de- 
posited in  the  condition  of  extremely  fine  arenaceous  mud,  and  in 
which  there  is  an  almost  entire  absence  of  fossils.  The  extremely 
fine  calcareous  sandstone  of  Malta,  though  reputed  to  be  rich  in  fossils, 
seems  to  contain  these  fossils,  for  the  most  part,  in  its  coarser  beds, 
which  were  probably  deposited  in  shallower  waters,  like  those  which 
wo  found  rich  in  animal  life  along  the  shores  of  the  Mediterranean. 
The  extremely  fine  stone  that  is  used  for  carved  work, — so  entirely 
wanting  in  '*  grain  "  that  carvings  executed  in  it  look  like  casts  in 
plaster  of  Paris — contains,  we  were  assured,  few  fossils  except  Sharks' 
teeth,  which,  of  course,  dropped  into  it  from  above. 

There  is  another  condition,  however,  which  may  be  not  less  potent 
in  restraining  within  very  narrow  limits  the  Animal  life  of  the  deeper 
parts  of  the  Mediterranean  basin,  namely,  the  stagnation  produced  by 
the  almost  entire  absence  of  Vertical  Circulation,  In  the  great  Oceanic 
basins,  if  the  doctrine  advanced  in  previous  Discourses  be  correct, 
every  drop  of  water  is  in  its  turn  brought  to  the  surface,  and  exposed 
to  the  piuifying  influence  of  prolonged  exposure  to  the  air.  From 
this  movement,  the  water  of  the  Mediterranean  may  be  said  to  be 
virtually  excluded ;  and  the  deeper  part  of  the  basin  has  no  circulation 
of  its  own,  either  horizontal  or  vertical,  which  will  have  the  effect  of 
bringing  its  water  to  the  surface.  It  is  difficult,  in  fact,  to  conceive 
of  any  agency  that  can  disturb  the  stillness  of  the  abyssal  depths  of  a 
basin,  which  is  completely  shut  in  by  a  wall  that  rises  more  than 
10,000  foot  from  its  bottom.  How  far  this  affects  the  condition  of 
such  depths,  in  respect  to  the  diffusion  of  the  Organic  matter  and  of 
t]ie  Oxygen  required  for  the  support  of  animal  life,  must  bo  a  matter 
of  future  inquiry. 

Gibraltar  Current, — A  current  almost  invariably  sets  ecutwards 
through  the  Strait  of  Gibraltar  (or  from  the  Atlantic  into  the  Mediter- 
ranean), usually  running  at  the  rate  of  from  two  to  three  miles  an  hour. 
This  current  does  not  occupy  by  any  means  the  entire  breadth  of  the 
Strait,  even  at  its  narrowest  part ;  its  average  width  being  there  not 
more  than  four  miles.  On  either  side  there  is  a  stream,  which  when 
moving  inwards  is  much  loss  rapid,  while  its  direction  is  periodically  re- 
versed under  the  influence  of  the  lunar  tide ;  so  that  at  given  times  there 
are  two  lateral  currents,  the  united  force  and  amount  of  which,  however, 
never  approach  those  of  the  central  inflow.     The  explanation  of  the 
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In  tho  mid-stroam  botwocn  Gibraltar  and  Centa,  at  nearly  the 
narrowest  part  of  the  Strait,  where  it-s  depth  oxceods  500  fiEithoms,  it 
was  eonclosively  proved  by  the  action  of  Captain  Galver's  ^  current- 
drag  '*  upon  the  boat  from  which  it  was  suspended : — 

(a.)  That  the  current  at  100  fathoms'  depth  flows  tnwards  at  less 
than  half  the  rate  of  the  surface-current. 

(&.)  That  at  250  fathoms  the  direction  of  movement  is  completely 
reversed ;  the  existence  of  an  outward  current  being  demonstrated  by 
the  dragging  of  the  boat  in  direct  opposition  to  the  strong  surftuse- 
current. 

(c.)  That  at  400  fathoms  there  is  still  an  outward  movement 
though  at  a  reduced  rate. 

Again,  it  was  found  by  examining  samples  of  water  taken  from  the 
surfEM^  from  100  fathoms,  from  250  fathoms,  and  from  400  fathoms, 
respectively,  that,  whilst  the  first  two  had  the  characteristic  tempera- 
ture and  density  of  Atlantic  water,  the  last  two  had  tiie  characteristic 
temperature  and  density  of  Mediterranean  water ;  and  it  was  specially 
remarkable  that,  whilst  they  both  presented  an  excess  alike  in  Specific 
Gravity  and  in  tho  proportion  of  their  Saline  constituents,  which 
clearly  indicated  their  derivation  from  the  Mediterranean  basin,  the 
samples  taken  from  250  fathoms*  depth,  on  two  different  occasions, 
were  much  denser  than  that  taken  from  400  fathoms.  It  seems 
obvious  that  this  heavier  stratum  could  not  be  kept  so  near  the  smv 
face,  above  a  stratum  of  inferior  density,  by  any  other  means  than  a 
current  of  no  inconsiderable  force. 

Similar  observations  were  afterwards  carried  on  at  the  Western 
extremity  of  the  Strait,  where  its  breadth  is  greatly  increased,  and  its 
depth  proportionably  diminished.  The  soundings  taken  along  the 
line  of  a  transverse  section  between  Capes  Trafalgar  and  Spartel  show 
a  great  inequality  of  the  bottom ;  channels  of  from  154  to  190  fathoms' 
depth  existing  in  tho  immediate  neighbourhood  of  shallows  less  than 
50  fathoms  from  the  surface.  As  was  to  be  expected  from  the  greater 
broiidth  of  this  part  of  the  Strait,  tho  tncurrent  flows  at  a  much  lower 
speed  than  at  its  Eastern  extremity ;  its  rate  being  reduced  from  nearly 
3  miles  to  little  more  than  1  j  mile  per  hour.  The  use  of  the  "  cur- 
rent-drag "  at  100  fathoms'  depth,  in  a  part  of  the  channel  of  which 
tho  deptib  was  147  fathoms,  did  not  indicate  any  reduction  in  this 
rate ;  but  a  decided  retardation  showed  itself  when  the  current-drag 
was  lowered  to  150  fathoms  in  a  part  of  the  channel  of  which  the  depth 
approached  200  fathoms.  As  it  was  deemed  inexpedient  to  lower  the 
"  current-drag  "  to  a  greater  depth,  since  it  would  have  been  almost 
certain  to  "  foul "  on  the  rocky  bottom,  it  could  not  be  ascertained  by 
Meclianical  means  that  tho  stratum  of  water  immediately  lying  over 
the  ridge  has  t]ie  outward  movement  which  it  might  be  expected  to 
show.  But  by  me^ns  of  the  Water-bottle  and  Thermometers  it  was 
ascertained  that  the  waters  of  the  deeper  channels  intersecting  the 
"  ridge  "  were  no  less  distinctly  Mediterranean  than  that  of  the  under- 
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current  near  Gibraltar ;  and  since  it  is  obvious  that  this  could  not  havo 
continued  to  maintain  itself  against  the  inflow  of  Atlantic  water,  unless 
it  had  an  outward  movement  of  its  own,  the  existence  of  an  under- 
current over  the  deej)er  portion  of  the  ridge  cannot  be  reasonably 
doubted. 

It  is  clear,  therefore,  that  the  Mediterranean  water  which  has 
undergone  concentration  by  evaporation,  is  being  continually  carried 
back  into  the  Atlantic  by  this  westerly  under-current,  which  causes  it 
to  niove  up  a  gradual  incline  from  the  eastern  to  the  western  extremity 
of  the  Strait ;  so  that  the  excess  of  density  in  the  Mediterranean  water 
is  thus  kept  witliin  a  very  narrow  limit. 

The  rationale  of  this  double  current  offered  by  Captain  Maury — 
on  the  assumption,  now  proved  to  be  correct,  of  the  existence  of  an 
under-current — was  thought  by  the  speaker  to  account  satisfactorily 
for  its  phenomena.  As  the  surface-level  of  the  Mediterranean  is 
lowered  by  the  excess  of  evaporation,  it  can  only  be  maintained  by  an 
inflow.  But,  on  the  other  hand,  the  maintenance  of  the  level  whilst 
the  density  of  the  Mediterranean  water  is  in  excess,  disturbs  the  equi- 
librium between  the  columns  of  water  at  the  two  extremities  of  the 
Strait,  the  heavier  water  of  the  Mediterranean  overbalancing  the 
lighter  water  of  the  Atlantic ;  and  thus  a  portion  of  the  former  is 
forced  ou/ wards  as  an  under-current,  thus  again  producing  a  depres- 
sion of  the  level,  to  be  restored  by  a  surface  inflow  from  the  Atlantic. 
Now,  since  the  Atlantic  water  which  enters  the  Mediterranean  is  in 
its  turn  subjected  to  loss  by  evaporation  and  consequent  increase  of 
density,  the  excess  on  the  Mediterranean  side  is  constantly  kept  up ; 
whilst,  on  the  other  hand,  in  consequence  of  the  vastness  of  the  mass 
of  water  in  the  Atlantic  basin,  and  the  dilution  it  receives  elsewhere, 
the  discliarge  of  the  heavier  water  of  the  Mediterranean  produces  no 
perceptible  increase  in  its  Specific  Gravity.  And  thus,  as  the  lowering 
of  the  level  and  the  disturbance  of  the  equilibrium  are  being  constantly 
reproduced,  the  superficial  inflow  and  the  deep  outflow  will  be  as  con- 
stantly maintained  by  the  force  of  Gravity. 

It  seems  a  fair  test  of  the  validity  of  this  explanation,  that  it  is 
found  applicable  mutatis  mutandis  to  the  converse  case  of  the  double 
current  in  the  Baltic  Sound.  The  Baltic  receives  the  drainage  of  one- 
fifth  of  Euro|x},  and  its  eva})oration  is  comparatively  small ;  so  that  its 
level  would  be  progressively  raised,  if  the  excess  did  not  pass  off  by 
its  three  outlets— the  Sound,  the  Great  Belt,  and  the  Little  Belt — 
into  the  North  Sea.  Now,  just  as  the  water  of  the  Mediterranean 
would  gradually  increase  in  saltness,  if  it«  density  were  not  kept  down 
by  exchange  with  the  Atlantic,  so  w^ould  that  of  the  Baltic  progres- 
sively diminish  in  saltness,  by  the  washing-out  of  its  shallow  basin  (so 
to  speak)  with  river- water,  if  there  were  no  return-current  beneath, 
bringing  l)ack  denser  water  from  the  Noi*th  Sea.  But  since  we  find, 
as  a  matter  of  fact,  that  its  density  is  pretty  uniformly  the  same, 
being  about  one-sixth  that  of  Ocean-water,  it  is  obvious  that  there 
must  he  an  under-current  bringing  back  as  much  salt  as  is  carried  out 
Vol.  VI.     (No.  54.)  s 
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by  the  surface-current.  The  force  of  this  inferential  proof  could 
scarcely  be  increased  by  experimental  verification.  Such  verification, 
however,  was  obtained  two  hundred  years  ago  (as  recorded  by  Dr.  Smith, 
who  first  advance<l  the  hy})othesis  of  the  Gibraltar  under-current)  by 
a  mechanical  method  resembling  that  employed  by  the  '  Porcupine '  in 
the  Strait  of  Gibraltar ;  and  a  further  verification  has  recently  been 
afforded  by  the  inquiries  of  Prof.  Forchhanmier,  who  has  obtained  the 
comparatively  dense  water  of  the  Kattegat  from  the  bottom  of  the 
Sound. 

The  maintenance  of  this  under-current  in  the  Baltic  Sonnd  will  be 
a  necessary  consequence  of  the  constant  inequality  between  the  weights 
of  columns  of  water  of  equal  heights  in  the  Baltic  and  the  North  Sea ; 
not,  as  in  the  case  of  the  Atlantic  and  the  Mediterranean,  through 
the  increase  of  the  Specific  Gravity  of  the  water  in  one  column  by  con- 
tinual concentration,  but  through  the  reduction  in  the  Specific  Gravity 
of  the  other  by  continual  dilution.  The  excessive  inflow  of  fresh  water 
will  continually  tend  to  raise  the  level  of  the  Baltic ;  and  this  will 
produce  an  outward  surface-current  into  the  North  Sea.  But  since 
the  density  of  the  Baltic  column  has  been  lowered  by  admixture  with 
fresh  water,  and  a  portion  of  its  salt  has  been  carried  off  by  the  sur- 
face-outflow, the  restoration  of  the  level  will  make  the  Baltic  column 
the  lighter ;  and  the  difference  of  downward  pressure  in  the  two 
columns  will  cause  an  inflow  of  the  lower  portion  of  the  North  Sea 
column,  until  the  equilibrium  is  restored.  But  this  will,  in  its  turn, 
tend  to  renew  the  elevation  in  the  level  of  the  Baltic  column,  which 
will  be  further  raised  by  the  continued  influx  of  fresh  water ;  and  thus 
a  renewed  surface-ow/flow  will  take  place  to  restore  the  level,  and  a 
renewed  deep  inflow  to  restore  the  equilibrium. 

A  little  consideration  will  make  it  obvious  that  a  like  Vertical 
Circulation  must  take  place  in  any  case  in  which  a  want  of  level  and  a 
want  of  equilibrium  between  two  columns  of  water  are  constantly 
maintained,  whatever  may  be  the  agency  concerned  in  producing 
them :  and  thus  a  constant  diftcrenco  in  Temperature  will  have 
exactly  the  same  effect  as  alteration  of  bulk  and  density  by  evapora- 
tion or  dilution. 

Suppose  two  basins  of  Ocean-water,  connected  by  a  deep  Strait,  to 
be  placed  under  such  different  climatic  conditions,  that  the  surface  of 
one  is  expose<l  to  the  heating  influence  of  Tropical  sunshine,  whilst  the 
surface  of  the  other  is  subjected  to  the  extreme  cold  of  the  sunless 
Polar  wintt^r.  The  efftict  of  the  surface-Aeo^  upon  the  water  of  the 
Tropical  basin,  Iwiug  for  the  most  part  limited  to  its  upper  stratum^ 
may  be  practically  disregarded.  But  the  effect  of  surface-coW  upon 
the  water  of  the  Polar  basin  will  be  to  reduce  the  temperature  of  its 
whole  mass  below  the  freezing-point  of  fresh  water ;  the  surface-stratum 
sinking,  as  it  is  cooled,  in  virtue  of  its  diminished  bulk  and  increased 
density,  and  being  replaced  by  water  not  yet  cooled  to  the  same 
degree.  Thus  the  level  of  the  Polar  colimm  will  be  sensibly  lowered, 
whilst  its  weight  undergoes  no  reduction;   and  whilst  an  influx  of 
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sorface-wator  will  take  place  from  tlie  Tropical  basin  to  take  the  place 
of  that  which  has  gone  down,  the  greater  weight  which  will  thus  be 
imparted  to  the  Polar  column  will  cause  an  c/Hux  of  its  cold  deep 
water  for  the  restoration  of  the  balance.  So  long,  then,  as  the  warm 
water  which  passes  into  the  Polar  basin  from  the  Tropical  is  sub- 
jected to  the  cooling  influence  of  its  atmosphere,  and  is  in  its  turn  sent 
down  to  the  bottom  by  the  increase  in  its  density,  so  long  will  its  con- 
tinual descent  keep  up  an  influx  from  the  Tropical  basin ;  and  so  long 
as  that  influx  is  maintained,  a  corresponding  efflux  will  be  produced 
from  the  bottom  of  the  Polar  basin  into  the  bottom  of  the  Equatorial. 
As  the  surface-water  of  the  latter  is  constantly  drawn  off  into  the 
former,  the  water  which  has  entered  it  from  below  is  gradually  lifted 
np  by  what  follows  it,  and  thus  at  last  comes  to  the  surface,  where  it 
is  in  its  turn  exposed  to  the  heating  influence  of  the  Tropical  sun, 
and  is  thence  drawn  off  into  the  PoLar  basin,  to  repeat  the  same  cir- 
culation. 

The  case  is  not  essentially  altered  by  the  existence  of  fi«e  commu- 
nication between  the  two  basins,  through  a  large  body  of  intermediate 
water ;  the  principal  difference  in  the  result  being  that  the  movement 
in  each  direction  will  be  slower,  whilst  it  will  affect  a  larger  mass. 
The  action  of  Cold  on  the  surface-water  of  each  Polar  area  will  be 
exerted  as  follows : — 

(a.)  In  diminishing  the  height  of  the  Polar  column  as  compared 
with  tnat  of  the  Equatorial,  so  that  a  lowering  of  its  level  is  produced, 
which  can  only  be  made  good  by  a  surface-flow  from  the  latter  towards 
the  former. 

(b.)  In  producing  an  excess  in  the  downward  pressure  of  the 
column,  when  this  inflow  has  restored  its  level,  in  virtue  of  the  in- 
crease of  Specific  Gravity  it  has  gained  by  its  reduction  of  volume ; 
whereby  a  portion  of  its  heavy  bottom-water  is  displaced  laterally, 
causing  a  further  reduction  of  level  that  draws  in  a  further  supply  of 
the  warmer  and  lighter  water  flowing  towards  its  surface. 

(c)  In  imparting  a  downward  movement  to  each  new  surface- 
stratum  as  its  temperature  undergoes  reduction;  so  that  the  entire 
column  may  be  said  to  be  in  a  state  of  constant  descent,  like  that 
which  exists  in  the  water  of  a  tall  jar  when  an  opening  is  made  at  its 
bottom,  and  the  water  which  flows  away  through  it  is  replaced  by  an 
equivalent  supply  poured  into  the  top  of  the  jar. 

The  ice-cold  water  thus  pressed  away  from  the  Polar  areas  will 
travel  along  the  floor  of  the  deep  Ocean-basins  continuous  with  their 
own,  beneath  the  warmer  water  which  it  encounters  there,  and  with 
which  it  will  undergo  a  certain  intermixture  at  their  plane  of  junction ; 
so  that,  as  every  fresh  arrival  will  take  its  place  beneath  that  which 
has  preceded  it,  there  will  be  a  gradual  uptoard  movement  of  Polar 
water  as  it  approaches  the  Equator,  until  it  comes  under  the  direct 
heating  influence  of  the  Tropical  sun,  to  be  again  drawn  towards  the 
Poles  by  the  tractive  agency  already  described. 

82 
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The  following  experiment  affords  an  illustration  of  this  doctrine : — 

EquatoriaL  PoUr. 


Experimental  Illastration  of  the  General  Oceanic  Circnlation. 

A  B  C  D  is  a  long  narrow  trough,  with  glass  sides,  filled  with 
water  nearly  to  its  edge,  as  indicated  by  the  dotted  line  AD.  At  A 
a  metallic  bar  a  b,  is  so  fixed  that  one  part  of  it  lies  along  the  surface 
of  the  water,  whilst  the  other,  which  projects  beyond  the  trough,  is 
heated  by  a  spirit-lamp  placed  beneath.  At  D  a  piece  of  ice,  c,  is 
wedged  in  between  the  two  sides  of  the  trough.  Thus  the  water  in 
the  trough  is  acted  on  by  mrface-heat  at  one  end,  like  the  water  of  the 
Equatorial  ocean,  and  by  surface^cdld  at  the  other,  like  the  water  of 
the  Polar  Sea.  By  the  introduction  of  Hue  colouring  liquid  at  the 
surface  near  D,  and  of  red  colouring  liquid  near  &,  it  is  shown  that  a 
continuous  circulation  is  kept  up  in  the  direction  of  the  arrows :  the 
blue  liquid,  as  it  is  cooled  by  the  ice,  at  once  descends  to  C,  then 
travels  slowly  along  the  bottom,  from  C  towards  B,  gradually  rises 
towards  the  heated  bar,  and  thence  creeps  along  the  surface  back 
towards  D ;  whilst  the  red  liquid  first  travels  along  the  surface  from 
A  to  D  (to  take  the  place  of  that  which  has  descended),  then  itself 
descends  to  C  on  being  cooled  by  the  ice,  returns  along  the  bottom 
from  C  to  B,  and,  lastly,  mounts  again  towards  A. 

Here,  then,  wo  have  a  vera  causa  for  a  General  Oceanic  Circulation, 
which,  being  sustained  simply  by  the  unequal  distribution  of  Solar 
Heat,  will  be  entirely  independent  of  any  peculiar  distribution  of  land 
and  water  that  does  not  prevent  the  free  communication  between  the 
Polar  and  Equatorial  areas,  in  their  depths  as  well  as  at  their  surface. 
That  this  agency  has  been  hitherto  so  little  recognized  by  Physical 
Geographers  can  only  be  attributed  to  the  prevalence  of  the  erroneous 
idea  of  a  uniform  deep-water  temperature  of  39° ;  of  which  idea  the 
observations  made  in  the  *  Lightning'  Expedition  of  1868,  confirmed 
and  extended  by  those  of  the  *  Porcupine*  Expedition  of  1869,  have 
completely  proved  the  fallacy.     Until  it  is  clearly  apprehended  that 
Sea-water  becomes  more  and  more  dense  as  its  temperature  is  reduced, 
and  that  it  consequently  continues  to  sink  until  it  freezes,  the  immense 
motor  power  of  Polar  Gold  cannot  be  apprehended.     But  when  this 
has  been  clearly  recognized,  it  is  seen  that  the  application  of  cold  at 
the  surface  is  precisely  equivalent  as  a  moving  power  to  that  applica- 
tion of  heat  at  the  bottom,  by  which  the  Circulation  of  water  is  sustained 
in  every  Heating  Apparatus  that  makes  use  of  it. 

That  such  a  Vertical  Circulation  really  takes  place  in  Oceanic 
water,  and  that  its  influence  in  moderating  the  excessive  Gold  of  the 
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Polar  areas  and  the  excessive  Heat  of  the  Equatorial  region,  is  &r 
more  important  than  that  of  any  surface-currents,  seems  a  legitimate 
deduction  from  the  facts  stated  in  the  previous  Discourse.  For,  on  the 
one  hand,  it  was  shown  that  there  is  a  general  diffusion  of  an  almost 
glacial  temperature  on  the  bottom  of  the  deep  Ocean-basins,  which,  at 
depths  exceeding  1000  fathoms,  are  occupied  by  Polar  water,*  more 
or  less  diluted  by  admixture  according  to  the  length  of  the  course  it 
has  hod  to  travel ;  whilst  between  this  stratum  and  that  other  stratum 
of  warmer  water  which  (on  the  hypothesis)  is  slowly  moving  Pole- 
wards, there  is  a  "  stratum  of  intermixture,"  in  which  there  is  such  a 
rapid  change  of  Temperature  as  might  be  expected  from  the  relation 
of  the  upper  and  lower  masses  of  water.  This  "  stratum  of  intermix- 
ture "  showed  itself  in  a  most  marked  manner  in  the  Atlantic  Tem- 
perature-observations of  the  present  Expedition  (p.  5,  No.  U.) ;  the 
descent  of  the  Thermometer,  which  had  been  very  slow  with  increase 
of  depth  between  100  and  800  fathoms,  becoming  suddenly  augmented 
in  rate ;  so  that  between  800  and  1000  feithoms  it  fell  nine  degrees^ 
namely,  from  49^-3  to  40^-3. 

On  the  other  hand,  it  was  shown  in  the  previous  Discourse  that 
there  is  evidence  of  the  slow  Pole-ward  movement  of  a  great  upper 
stratum  of  Oceanic  water,  carrying  with  it  a  warm  temperature; 
which  movement  cannot  be  attributed  to  any  such  local  influences  as 
those  which  produce  the  Gulf-stream  or  any  other  currents  put  in 
motion  by  «Mr/ace-action.  Of  such  a  movement,  it  was  contended,  we 
have  a  marked  example  in  that  north-easterly  flow  which  conveys  the 
warmth  of  Southern  latitudes  to  the  West  of  Ireland  and  Scotland, 
the  Orkney,  Shetland,  and  Faroe  Islands,  Iceland,  Spitzbergen,  and 
the  Polar  basin  generally.  This  flow,  of  whose  existence  conclusive 
evidence  is  derived  from  observations  of  the  Temperature  of  these 
regions,  is  commonly  regarded  as  a  prolongation  of  the  Gulf-stream ; 
and  this  view  is  maintained  not  only  by  Dr.  Petermann,  who  has 
recently  collected  and  digested  these  observations  with  the  greatest 
care,  but  also  by  Prof.  Wyville  Thomson,  as  well  as  by  Mr.  Croll. 
Having  elsewhere  fully  stated  his  objections  to  this  doctrine,  and  dis- 
cussed the  validity  of  the  arguments  adduced  in  support  of  it^f  the 
speaker  would  here  only  record  the  conclusions  which  a  careful  exa- 
mination of  the  present  state  of  our  knowledge  of  the  subject  has  led 
him  to  form  : — 

I.  There  is  no  evidence,  either  from  the  Surface-temperature  of 
the  Sea,  or  from  the  temperature  of  sea-board  Stations  along  the  west- 
em  coast  of  Southern  Europe,  that  the  Climate  of  that  region  is 
ameliorated  by  a  flow  of  Ocean-water  having  a  temperature  higher 
than  that  of  the  Latitude ; — the  Surface-temperature  of  the  Mediter- 
ranean Sea,  which  is  virtually  excluded  from  all  Oceanic  Circulation, 

*  A  toinporature  of  33|<^  has  lately  been  observed  by  Commander  Chimmo 
(who  waH  furniahocl  with  the  **  proto<rtcd "  Miller-Casella  Thermometers)  at  a 
(lcj)tli  of  2'MHi  fathoms,  nearly  under  the  Equator. 

t  *  Proceedings  of  the  Royal  Geographical  Society '  for  Jan.  9,  1871. 
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being  higher  than  that  of  the  eastern  margin  of  the  Atlantic  in  oorre- 
Bponding  latitudes,  and  the  Climate  of  sea-board  Stations  on  the  Medi- 
terranean being  warmer  than  that  of  Stations  corresponding  to  them 
in  Latitude  on  the  Atlantic  Coast;  and  this  not  merely  in  sommer, 
but  also  in  winter.  This  Oceanic  region  may  therefore  be  designated 
the  netUral  area. 

II.  The  cTidcnoe  of  Climatic  amelioration  increases  in  proportion 
as  we  pass  Northwards  from  the  neutral  area,  becoming  very  decided 
at  the  Orkney,  Shetland,  and  Faroe  Islands ;  but  that,  as  was  shown 
by  the  '  Porcupine '  Temperature-soundings  of  1869,  the  flow  of  warm 
water  which  produces  this  amelioration  extends  to  a  depth  of  at  least 
700  fathoms,  though  the  temperature  of  its  lower  200  fathoms  is 
reduced  by  the  influence  of  the  Polar  underflow  (p.  5,  No.  I.). 

m.  This  deep  stratum  of  Warm  water  appears,  from  the  cor- 
respondence in  the  rate  of  its  diminution  of  Temperature  with  in- 
crease of  depth,  to  be  derived  from  the  neutral  area  to  the  south-west ; 
as  is  shown  in  the  following  comparison  of  the  Temperatures  down 
to  500  fathoms,  obtained  (in  1869)  by  a  serial  Sounding  at  a  point 
about  150  miles  to  the  north-west  of  Scotland,  and  the  Bottom-tem- 
peratures obtained  off  Lisbon  in  1870.  It  will  be  seen  that  whilst  the 
«ur/a^-temperatures  differ,  in  accordance  with  the  respective  tempera- 
tures of  the  Air,  by  15°*  4,  the  difference  between  the  temperatures 
observed  from  100  to  500  fathoms  varies  only  between  4°^9  and  5°'7. 


N.ut    !'^Tr.?.*"™. 


Temperature  of  Sea. 


of  Air. 


Surfacp.  '  Fahr.  100.  Fahr.  200.  Fahr.  300.  Fahr.  400.  Fahr.  600. 


o         »  o  o  ,  o  o 

59    35  54  52-G         47-3         408 

About  39'  70        I    68-0         53-0        52-0 


o  o  o 

46-6         4G1  451 

! 

51-5         510    '  50-5 


A  comparison  of  these  data  brings  into  prominence  the  superior 
heating  power  of  a  deep  mass  of  warm  water,  above  that  of  a  mere 
surface-layer.  For  we  see  that  whilst  the  temperature  of  the  upper 
stratum  is  rapidly  cooled  down  in  its  northward  passage,  that  of  the 
400  fathoms  beneath  it  sustains  comparatively  little  reduction.  The 
thinned-out  margin  of  the  Tropical  Gulf-stream  would  lose  all  its 
heat  long  before  it  reaches  the  Polar  Circle ;  but  the  deep  flow  which 
carries  northwards  the  warmth  of  a  Temperate  area  yields  it  up  fer 
more  gradually. 

IV.  This  alow  Pole-ward  movement  of  the  upper  warm  layer  of 
the  North  Atlantic,  down  to  the  "  stratum  of  intermixture,"  is  exactly 
what  might  be  expected  to  take  place  as  the  c<ymplement  of  the  flow  of 
glacial  water  from  tlie  Polar  to  the  Equatorial  area ;  the  two  move- 
ments constituting  a  General  vertical  Oceanic  Circulation. 

V.  There  is  a  strong  probability  that  the  quantity  of  Water  dis- 
charged by  the  Gulf-stieam  has  been  greatly  over-estimated,  in  con- 
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sequence  of  the  rate  of  the  surface-current  having  been  assumed  as 
the  rate  of  movement  through  the  whole  sectional  area,  which  is  con- 
trary to  all  analogy;  whilst  there  is  also  a  strong  probability  that 
there  is  a  reverse  under-current  of  ccld  water  through  the  Narrows, 
derived  from  the  Polar  current  that  is  distinctly  traceable  nearly  to 
its  mouth.  The  upper  stratum  of  this  southerly  current  comes  to  the 
surface  between  the  Gulf-stream  and  the  coast  of  the  United  States ; 
whilst  its  deeper  and  colder  stratum  underlies  the  Gulf-stream  itself. 
That  there  is  a  slow  southerly  movement  of  Arctic  water  beneath  the 
Gulf-stream,  is  indicated  by  the  fact  that  icebergs  have  been  seen 
moving  southwards  in  direct  opposition  to  its  surface-flow,  their 
deeply  immersed  portion  presenting  a  larger  surface  to  the  lower 
stratum  than  their  upper  part  does  to  the  more  superficial  layer, — as 
in  the  case  of  our  "  current-drag."  And  similar  evidence  is  afforded 
by  the  southward  drift  of  the  buoy  which  was  attached  to  the  Atlantic 
Cable  of  1865,  but  which  broke  away  from  it,  apparently  carrying 
with  it  a  great  length  of  the  wire  rope  by  which  it  had  been  attached. 

YI.  There  is  a  strong  probability  that  the  quantity  of  Heat  car- 
ried off  by  the  water  of  the  Gulf-stream  has  been  greatly  over-esti- 
mated; the  Temperature-soundings  taken  during  the  cruise  of  the 
'  Porcupine  *  in  the  Mediterranean  having  shown  that  the  very  high 
temperature  of  the  surface  extends  but  a  little  way  down,  whilst  the 
Temperature-observations  in  the  Atlantic  show  that  the  descent  into 
a  cold  stratum  beneath  may  bo  very  rapid.  Hence  the  average  of  65^ 
assumed  by  Mr.  Croll  on  the  basis  of  observations  made  at  consider^ 
able  intervals  of  depth,  is  altogether  unreliable. 

Vll.  The  most  recent  and  trustworthy  observations  indicate  that 
the  edge  of  the  Gulf-stream  to  the  north-east  of  the  Banks  of  New- 
foundland, is  so  thinned  out  and  broken  up  by  interdigitation  with 
Polar  currents,  that  its  existence  as  a  continuous  current  buyond  that 
region  cannot  be  proved  by  observations,  either  of  Temperature  or 
Movement.  The  last  distinctly  traced  edge  has  a  thickness  certainly 
not  exceeding  50  fathoms,  and  not  improbably  less. 

Ylll.  The  GuK-stream  and  other  local  currents  put  in  motion  by 
the  Trade-winds  or  other  influences  acting  on  the  surface  only,  will 
have  as  their  a>mplement  in  a  horizontal  circulation  return  surface' 
currents ;  and  the  horizontal  circulation  of  which  the  Atlantic  Equa- 
torial Current  and  the  Gulf-stream  constitute  the  first  part,  is  com- 
pleted— so  far  as  the  Northern  Hemisphere  is  concerned — jwirtly  by 
the  direct  return  of  one  large  section  of  the  Gulf-stream  into  the 
Ikjuatorial  Current,  and,  as  to  the  other  section,  by  the  supeijicial 
Polar  currents,  which  make  their  way  southwards,  the  principal  of 
them  even  reaching  the  commencement  of  the  Gulf-stream. 

In  conclusion,  it  may  be  added  that  the  doctrine  of  a  General 
vertical  Oceanic  Circulation  is  in  remarkable  accordance  with  the  fact 
now  placed  boyond  doubt  by  the  concurrent  evidence  of  a  great  num- 
ber of  observations,  that  whilst  the  Density  of  Oceanic  water,  which 
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is  lowest  in  the  Polar  area,  progressiyely  increases  as  we  approach 
the  Tropics,  it  again  shows  a  decided  redaction  in  the  Intertropical 
area.  It  has  been  thought  that  an  explanation  of  this  fact  is  to  be 
found  in  the  largo  amount  of  rainfall,  and  of  inflow  of  fresh  water 
from  great  rivers,  in  the  Intertropical  region ;  but  it  is  to  be  remem- 
bered that  the  surface-evaporation  also  is  there  the  most  excessiye ;  so 
that  some  more  satisfactory  account  of  the  fact  seems  requisite.  Such 
an  explanation  is  afforded  by  the  doctrine  here  advocated ;  the  more 
dilute  Polar  water  which  flows  along  the  bottom  of  the  Ocean-basins 
towards  the  Equator  being  there  (so  to  speak)  pumped  up  and  brought 
to  the  surface.  And  it  is  not  a  little  confirmatory  of  the  views  ad- 
vanced in  this  Discourse,  that  in  a  recent  elaborate  discussion  of  the 
facts  relating  to  the  comparative  Density  of  Oceanic  Water  on  dif- 
ferent parts  of  the  Earth's  surface,  the  doctrine  of  a  Greneral  vertical 
Circulation  is  advocated  as  affording  the  only  feasible  rationale  of 
them.' 

[The  speaker  wishes  to  state  that  he  claims  no  originality  in 
regard  to  the  doctrine  of  a  Oeneral  Oceanic  Circulation  sustained  by 
difforouce  of  Temperature.  It  has  been  advanced  by  various  writers, 
especially  Prof.  Buff  and  Capt.  Maury ;  though,  so  fiir  as  he  is  aware, 
it  has  not  been  fully  developed  by  any.  If  he  has  himself  done  any- 
thing to  strengthen  the  doctrine,  it  has  been  by  showing  that  Polar 
Cold,  rather  than  Equatorial  Heat,  is  the  jnimum  mobile  of  this  cir- 
culation; and  further,  by  bringing  a  large  number  of  phenomena, 
apparently  unrelated,  under  the  comprehension  of  the  same  Physical 
Theory.]  _ 

Addendum. — The  limitation  of  time  having  prevented  the  speaker 
from  giving  more  than  a  slight  notice  of  the  Zoological  results  of  the 
Expedition,  he  is  desirous  of  introducing  as  an  Appendix  some 
extracts  from  tlie  Report  presented  to  the  Iloyal  Society,  chiefly 
relating  to  the  First  Cruise  off  the  coast  of  Portugal  under  charge  of 
Mr.  J.  Gwyn  Jeffreys. 

Wednesday,  July  20th. — Dredged  all  day  with  considerable  success 
at  depths  of  from  380  to  994  fathoms  (lat.  40*^  N.,  long.  9°  60'  W.). 
The  (Iredgings  in  380  and  469  fathoms  yielded  among  the  MoUusca 
Leda  lucida  Norwegian,  and  a  Sicilian  fossil),  Aacinns  eumyarius  (also 
Norwegian),  Necera  ohesa  (Spitzbergen  to  the  west  of  Ireland),  Odoato- 
mia  sp.  n.  O,  minuta  (Mediterranean),  and  Cerithtum  (sp.  n.) ;  and  among 
the  Echinoderms  were  Brisinga  endecacnemos  and  Asteronyx  Loveni 
(Norwegian).  But  the  results  of  the  Dredging  in  994  fathoms  were 
BO  extraordinary  as  to  excite  our  utmost  astonishment.  It  being  late 
in  the  evening,  the  contents  of  the  dredge  could  not  be  sifted  and 
examined  until  daylight  the  next  morning.  We  then  saw  a  marvellous 
assemblage  of  Shells,  mostly  dead,  and  consisting  of  Pteropods,  but 
comprising  certain  species  which  we  had  always  regai'ded  as  exclusively 

♦  "  Densite  Saluro  ct  Gourants  do  TOcean  Atlftntique,"  par  Lieut.  B.  Savy, 
Annalcs  Hydrographiqucs/  1868,  p.  620. 
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Northern,  and  others  which  Mr.  Jeffreys  recognized  as  Sicilian 
Tertiary  fossils ;  while  nearly  forty  per  cent,  of  the  entire  number  of 
species  were  undescribed,  and  some  of  them  represented  new  genera. 
The  following  is  an  analysis  of  the  MoUusca  (perfect  and  fragmentary) 
taken  in  this  one  haul : — 


Orders. 

Total        i 
Number  of    |       Recent.                FoasiL 
Species.                                 ' 

Newer 
Undescribed. 

Brachiopoda     

Coiichifera        

S«>lenoconchia 

Gfl8tro{KKla       

Ileteropoda       

Ptert^poda 

1 

50 

7 

113 

1 
14 

1 
32        '            1 

3    : 

42                  23 

1         ' 
12 

17 
4 

48 

2 

186                  91                   24 

1                                           > 

71 

The  Northern  species  above  referred  to  are  34  in  number,  and  include 
Mtjtilus  (Dacrydium)  vitreus,  Nttctda  pumila,  Leda  lucida,  L,  frigida^ 
Pecchiolia  ahyssicola^  Necera  jugosa  or  lameUosa,  N,  obesa,  Tectura 
fulpa,  Fissurisepta  papillosa,  Cyclostrema  (sp.  n.),  ToreUia  vestita,  Pleuro- 
toma  turricula,  Admete  veridula,  Cylichna  alba,  Cylichna  ovata,  Jeffir. 
MS.  =  JBM//a  conulus,  S.  Wood,  not  Deshayes  (Coralline  Crag),  and 
Scaphander  libraritis.  Leda  lucida,  Necera  jugosa,  Tectura  ftUva,  Fissuri- 
septa  papulosa,  ToreUia  vestita,  and  the  undescribed  species  of  Cylichna^ 
as  well  as  several  other  known  species  in  this  dredging,  are  also  fossil 
in  Sicily.  Nearly  all  these  Shells,  as  well  as  a  few  small  Echinoderms, 
Corals,  and  other  organisms,  had  evidently  been  transported  by  some 
current  to  the  spot  where  they  were  found;  and  they  must  have 
formed  a  thick  deposit,  similar  to  those  of  which  many  Tertiary 
fossilifcrous  strata  are  composed.  None  of  the  shells  were  Miocene, 
or  of  an  older  period.  This  remarkable  collection,  of  which  not  much 
more  than  one-half  is  known  to  Conchologists,  notwithstanding  their 
assiduous  labours,  teaches  us  how  much  remains  to  be  done  be£)re  we 
can  assume  that  the  record  of  Marine  Zoology  is  complete.  Besides 
the  Mollusca  in  this  dredging  from  994  fathoms,  Professor  Duncan 
informs  us  that  there  are  two  new  genera  of  Corals,  and  FlabeUum 
distinctum,  which  last  he  regards  as  identical  with  one  from  North 
Japan.  It  coincides  with  the  discovery  on  the  Lusitanian  coasts  of 
two  Japanese  species  of  a  curious  genus  of  Mollusca  (Pecchiolia  or 
Vertieordia),  both  of  which  are  fossil  in  Sicily,  and  one  oi  them  in  the 
Coralline  Crag  of  Suffolk.  Professor  WyviUe  Thomson  notices  un- 
described S|)ongcs  from  the  same  dredging. 

Thursday,  July  21st.— Dredged  all  day  in  from  600  to  1096 
fathoms  (lat.  39^  40'  N.,  long.  9°  40'  W.)  with  extraordinary  success. 
Together  with  many  of  the  new  and  peciQiar  species  of  Mollusca  ob- 
tained at  the  last  station,  some  of  which  were  hero  alive,  occurred — 
Nucida  delphinodonta,  Leda  {Ycidia)  sp.   n.,   L.  abyssicolay  Axinu$ 
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eumyariuSf  StphonoderUalium  vtireum  (tho  first  being  North  American 
and  Norwegian,  and  the  hist  three  Arctic  and  Norwegian),  S,  coardaium 
(a  well-known  Subapennine  fossil),  Dischides  (sp.  n.),  Chiton  aJhua 
(northern),  Molleria  coslulata  (Arctic),  Trochus  reliculatu»  (a  Calabrian 
fossil),  Omphalius  monocingulatus,  Seg.  MS.  (a  Sicilian  fossil),  Hela 
(sp.  n.),  EuLima  (sp.n.),  Sadaria  frondosa  (a  Leghorn  and  Crag  fossil), 
and  Trachysma  delicatum  (a  Sicilian  fossil).  Of  Crustacea,  there  were 
Apseudes  spinosa  ^Norwegian  and  British),  A,  grossimanus  (sp.  n.), 
and  Paranfhura  eunujata  (sp.  u.).  Of  Polyzoa,  CeUepora  cibyssicoid, 
sp.  n.  (Busk  MS.).  Of  Corals,  Ccenoqfathus  (sp.  n.),  and  an  undescribed 
species  of  an  unknown  genus  allied  to  Baihycyathus,  Holtenia  Car- 
penteri  and  other  rare  Sponges,  with  Brisinga  endecacnemos  and  yarions 
Echinoderms  equally  interesting,  formed  part  of  our  treasures;  but 
the  greatest  prize  of  all  was  a  noble  PentcLcrinus,  about  a  foot  long, 
of  which  several  specimens  came  up  attached  to  the  tangles.  This 
discovery  of  a  true  Pentacrinus  in  the  European  seas  crowned  the  day's 
work :  Mr.  Jcflfreys  has  named  it  P.  WyviUe-Thomsoni.  Our  PefUO" 
crinus  was  dragged  up  from  soft  mud  or  ooze,  and  its  base  was  entirely 
free.  Portions  of  the  arms  occurred  in  several  other  drcdgings  on 
the  Lusitanian  coasts  ;  and  joints  of  apparently  the  same  species  have 
been  found  by  Professor  Seguenza  in  the  Zanclean  formation  or  older 
Pliocene  near  Mossiua. 

July  27th. — Dredged  a  few  miles  north  of  Cape  St.  Vincent,  in  292 
and  374  fathoms.  I'ho  last  haul  yielded  two  Silicious  or  Vitreous 
Sponges  of  an  enormous  size,  one  of  them  measuring  nearly  3  feet  in 
diameter  at  the  top,  of  the  kind  called  "  Neptune's  Cup  "  ^Ashonema 
Seluhalensey  Kent),  besides  that  lovely  sponge,  Aphrocallistes  Bocagei. 
Tho  Mollusca  were  mainly  northern,  and  some  were  Sicilian  fossils. 
Two  undescribed  species  of  Crustacea,  whicli  Mr.  Norman  proposes 
to  name  Amathta  Jeffreysi  and  Ethusa  mirahilis,  w^cre  here  obtained. 

July  29th. — Steamed  south,  and  dredged  in  364  and  322  fathoms, 
between  Capo  St.  Viucent  and  Cadiz.  The  Mollusca  comprised  some 
of  the  now  and  remarkable  species  procured  in  the  994  fathoms  and 
other  drodgiugs,  as  well  as  Terebratula  vitrea,  T,  cranium^  Pholadomya 
(sp.  n.),  Trochus  amabiliSy  Pyramidella  plicosa  (Belgian  and  Coralline 
Crag),  Tylodina  Duheni  (Norwegian),  Cancellaria  mitroRformiSy  C. 
8td)anguJo8a  (both  Coralline  Crag),  Pleurotoma  galerita,  and  ActCBon 
ptisillus.  The  most  remarkable  novelty  here  obtained  was  a  large 
collecticm  of  thin  sandy  disks,  from  0*3  to  0*4  inch  in  diameter,  with 
a  slight  central  j)rominence ;  for  these  proved  on  subsequent  examina- 
tion to  contain  an  entirely  now  type  of  Acthiozoon,  extraordinarily 
flattened  in  form,  and  entirely  destitute  of  tentacles.  Dr.  Carpenter, 
by  whom  this  curious  organism  will  be  described,  has  assigned  to  it 
the  name  of  Amuiodlsciis  lAndahlt, 

Aug.  3rd. — Dredged  in  477,  651,  and  554  fathoms,  across  the 
entrance  to  the  Straits  of  Gibraltar,  and  towards  the  Morocco  coast ; 
and  we  shifted  our  ground  at  night.  The  Fauna  was  northern,  but 
scanty ;  tho  bottom  being  stiff  clay,  and  nearly  unproductive.     Un- 
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described  species  of  Cioniscus  and  Bulla  were  among  the  Mollusca ; 
a  remarkable  Sponge,  18  inches  long,  which  Prof.  Wyville  Thomson 
considers  the  type  of  a  new  genus  allied  to  Esperia  (Chondrodadia 
tirgata,  Wyv.  Th.  MS.),  another  new  and  exquisitely  graceful  Sponge 
of  the  HoUenia  group,  and  provisionally  named  by  him  Pheronema  (?) 
velatum,  and  Aphrocallistes  Bocagei ;  two  new  species  of  a  com- 
pound stony  Coral  (Ccenocyathus) ;  and  a  few  Crustaceans  and  Annelids 
were  taken. 

On  Tuesday,  Sept.  6,  we  resumed  our  Dredging-explorations  on 
the  shallow  between  the  Eastern  and  Western  basins  of  the  Mediter- 
ranean, that  extends  between  the  African  coast  and  Sicily,  and  is 
termed  the  '*  Adventure  Bank."  The  depths  here  range  from  about 
30  to  250  fathoms.  We  here  found,  between  25  and  85  fiEkthoms,  the 
following  species  of  Mollusca :  Trochus  saturalisy  Ph.  (Sic.  foss.) ; 
Xenophora  cirisjm,  Konig.  (Sic.  foss.) ;  Cylichna  gtriaiula,  Forb.  (Sic. 
foss.) ;  C,  ovulata,  Brocchi  (Sic.  foss.).  And  seven  miles  o£f  the  point 
called  Einaldo's  Chair,  between  60  and  160  fathoms,  we  obtained 
TeUina  compressa,  Brocchi  (Sic.  foss.),  a  species  possessing  the  following 
synonyms — TeUina  atriatula,  Calcara  ;  T,  strijilata.  Ph. ;  Psammobia 
Weinkauffiy  Crosse ;  and  Angulus  Macandrei,  Sowerby :  also  an  in- 
teresting Annelid,  Pr axilla  prcetermisa,  Malmgren  (northern).  Here, 
again,  we  brought  up  a  great  abundance  of  Polyzoa ;  and  many  of 
these  have  proved  of  great  interest.  One,  in  particular,  of  a  beautiful, 
very  open  reticular  plan  of  growth,  is  the  type  of  a  new  genus,  of  which 
another  species  had  been  previously  obtained  by  Mr.  Busk  from  the 
Canary  Islands,  and  which  he  will  describe  under  the  name  of 
Climacopora,  Many  of  the  species  obtained  had  been  previously 
known  only  as  Tertiary  Fossils.  Abundance  of  Shells  were  here 
found  ;  among  them  we  obtained  a  considerable  number  of  living 
specimens  of  Megerlia  truncafa,  including  a  whole  series  in  various 
stages  of  growth,  the  youngest  of  which  presented  a  very  remarkable 
character,^ a  set  of  setce  projecting  from  the  margin  of  the  shell,  the 
length  of  which  exceeded  its  own  long  diameter.  Among  other 
species  of  interest  were  : — Kellia,  sp.  n.  (Sic  foss.);  Gadinia  excentrica^ 
Tiberi ;  Bissoa  (sp.  n.) ;  Scalaria  frondoMy  J.  Sow.  (Sic.  &  Cor.  Cr. 
foss.) ;  Odostomia  unifaaciata,  Forbes ;  PyramideUa  plicosa,  Bronn 
(Sic.  &  Cor.  Cr.  foss.)  =  P.  Iceciuaculaj  S.  Wood;  and  ActoBon  pusHluSy 
Forb.  (Sic.  foss.).  Among  the  Annelida  was  an  interesting  Northern 
form,  Hyalimm'in  tubicola,  Miilhir.  The  Echinodermata  wore  in  con- 
siderable abundance,  but  were  mostly  well-known  Mediterranean  types. 
The  Cidiiris  lujstrlx  was  especially  frequent ;  and  a  comparison  of  the 
series  of  specimens  obtained  in  this  and  the  preceding  Cruise,  with 
those  obtained  last  year  in  the  Northern  area,  has  enabled  Prof. 
Wyvillo  Thomson  to  satisfy  himself  that  C.  hystrixy  C.  papillata,  and 
C.  affinis  are  specifically  identical.  The  Corals  found  on  the  Ad- 
venture Bank  have  proved  peculiarly  interesting,  as  belonging  to  the 
Bugosc  division  previously  supposed  to  be  entirely  extinct. 

IW.  B.  C] 
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WEEKLY  EVENING  MEETING, 

March  17,  1871. 

Siu  Henry  Holland,  Bart.  M.D.  D.C.L.  F.E.S.  President, 

in  the  Cliair. 

J.  NoiiMAN  LooKYiB,  Esq. 

On  the  Eclipse. 

[Abtttmct  deferred.] 


WEEKLY  EVENING  MEETING, 

Friday,  March  24,  1871. 

Si&  Henry  Holland,  Bart.  M.D.  D.C.L.  F.RS.  President, 

iu  the  Chair. 

Professor  J.  Clerk  Maxwell,  M.A.  LL.D.  F.B.S. 

On  Colour  Vision, 

All  vision  is  colour  vision,  for  it  is  only  by  observing  differences  of 
coloui*  that  wo  diBtingnish  the  forms  of  objects.  I  include  dififerences 
of  brightness  or  shade  among  differences  of  colour. 

It  was  in  the  lloyal  Institution,  about  the  beginning  of  this  cen- 
tury, that  Thomas  Young  made  the  first  distinct  announcement  of 
that  doctrine  of  the  vision  of  colours  which  I  propose  to  illustrate. 
We  may  state  it  thus : — We  are  capable  of  feeling  three  different 
coloui'-sensations.  Light  of  different  kinds  excites  these  sensations 
in  different  proportions,  and  it  is  by  the  different  combinations  of 
those  three  primary  sensations  that  all  the  varieties  of  visible  colour 
are  produced.  In  this  statement  there  is  one  word  on  which  we  must 
fix  our  attention.  Tliat  word  is,  Sensation.  It  seems  almost  a  truism 
to  say  that  colour  is  a  sensation ;  and  yet  Yomig,  by  honestly  recog- 
nizing this  elementary  truth,  established  the  first  consistent  theory  of 
colour.  So  far  as  I  know,  Thomas  Young  was  the  first  who,  starting 
from  the  well-known  fact  that  there  are  three  primary  colours,  sought 
for  the  explanation  of  this  fact,  not  iu  the  nature  of  light,  but  in  the 
constitution  of  man.  Even  of  those  who  have  written  on  colour  since 
tlie  time  of  Yomig,  some  have  supposed  that  they  ought  to  study  the 
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properties  of  pigments,  and  others  that  they  ought  to  analyze  the  rays 
of  light.  They  have  sought  for  a  knowledge  of  colour  by  examining 
something  in  external  nature — something  out  of  themselves. 

Now,  if  the  sensation  which  we  call  colour  has  any  laws,  it  must 
be  something  in  our  own  nature  which  determines  the  form  of  these 
laws ;  and  I  need  not  tell  you  that  the  only  evidence  we  can  obtain 
respecting  ourselves  is  derived  from  consciousness. 

The  science  of  colour  must  therefore  be  regarded  as  essentially  a 
mental  science.  It  differs  from  the  greater  part  of  what  is  called 
mental  science  in  the  large  use  which  it  makes  of  the  physical  sciences, 
and  in  particular  of  optics  and  anatomy.  But  it  gives  evidence  thai 
it  is  a  mental  science  by  the  numerous  illustrations  which  it  furnishes 
of  various  operations  of  the  mind. 

In  this  place  we  always  feel  on  firmer  ground  when  we  are  dealing 
with  physical  science.  I  shall  therefore  begin  by  showing  how  we 
apply  the  discoveries  of  Newton  to  the  manipulation  of  light,  so  as  to 
give  you  an  opportunity  of  feeling  for  yourselves  the  different  sensa- 
tions of  colour. 

Before  the  time  of  Newton,  white  light  was  supposed  to  be  of  all 
known  things  the  purest.  When  light  appears  coloured,  it  was  sup- 
posed to  have  become  contaminated  by  coming  into  contact  with  gross 
bodies.  We  may  still  think  white  light  the  emblem  of  purity,  though 
Newton  has  taught  us  that  its  purity  does  not  consist  in  simplicity. 

We  now  form  the  prismatic  spectrum  on  the  screen  [exhibited]. 
These  are  the  simple  colours  of  which  white  light  is  always  made  up. 
We  can  distinguish  a  great  many  hues  in  passing  from  the  one  end  to 
the  other ;  but  it  is  when  we  employ  powerful  spectroscopes,  or  avail 
ourselves  of  the  labours  of  those  who  have  mapped  out  the  spectrum, 
that  we  become  aware  of  the  immense  multitude  of  different  kinds  of 
light,  every  one  of  which  has  been  the  object  of  special  study.  Every 
increase  of  the  power  of  our  instruments  increases  in  the  same  pro- 
portion the  number  of  lines  visible  in  the  spectrimi. 

All  light,  as  Newton  proved,  is  composed  of  these  rays  taken  in 
different  proportions.  Objects  which  we  call  coloured  when  illu- 
minated by  white  light,  make  a  selection  of  these  rays,  and  our  eyes 
receive  from  them  only  a  part  of  the  light  which  falls  on  them.  But 
if  they  receive  only  the  pure  rays  of  a  single  colour  of  the  spectrum 
they  can  appear  only  of  that  colour.  If  I  place  this  disk,  containing 
alternate  quadrants  of  red  and  green  paper,  in  the  red  rays,  it  appears 
all  red,  but  the  red  quadrants  brightest.  If  I  place  it  in  the  green 
rays  both  papers  appear  green,  but  the  red  paper  is  now  the  darkest. 
This,  then,  is  the  optical  explanation  of  the  colours  of  bodies  when 
illuminateil  with  white  light.  They  separate  the  white  light  into  its 
component  parts,  absorbing  some  and  scattering  others. 

Here  are  two  transparent  solutions  [exfiibited].  One  appears  yellow, 
it  contains  bichromate  of  potash ;  the  other  ap^K^ars  blue,  it  contains 
sulphate  of  copper.  If  I  transmit  the  light  of  the  electric  lamp  through 
the  two  solutions  at  once,  the  spot  on  the  screen  appears  green.     By 
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means  of  the  spectmm  we  shall  be  able  to  explain  this.  The  yellow 
solution  cnts  off  the  blue  end  of  the  spectrum,  leaving  only  the  red, 
orange,  yellow,  and  green.  The  blue  solution  cuts  off  the  red  end, 
leaving  only  the  green,  blue,  and  violet.  The  only  light  which  can  get 
through  both  is  the  green  light,  as  you  see.  In  the  same  way  most 
blue  and  yellow  paints,  when  mixed,  appear  green.  The  light  wbich 
£eJ1s  on  the  mixture  is  so  beaten  about  between  the  yellow  particles  and 
the  blue  that  the  only  light  which  survives  is  the  green.  But  yellow 
and  blue  light  when  mixed  do  not  make  green,  as  you  will  see  if  we 
allow  them  to  fall  on  the  same  part  of  the  screen  together. 

It  is  a  striking  illustration  of  our  mental  processes  that  many 
persons  have  not  only  gone  on  believing,  on  the  evidence  of  the  mix- 
ture of  pigments,  that  blue  and  yellow  make  green,  but  that  they  have 
even  persuaded  themselves  that  they  could  detect  the  separate  sensa- 
tions of  blueness  and  of  yellowness  in  the  sensation  of  green. 

We  have  availed  ourselves  hitherto  of  the  analysis  of  light  by 
coloured  substances.  We  must  how  return,  still  under  the  guidance 
of  Newton,  to  the  prismatic  spectrum.     Newton  not  only 

"  Untwisted  all  the  Bhining  robe  of  day," 

but  showed  how  to  put  it  together  again.  We  have  here  a  pure 
spectrum,  but  instead  of  catching  it  on  a  screen  we  allow  it  to  pass 
through  a  lens  large  enough  to  receive  all  the  coloured  rays.  These 
rays  proceed,  according  to  well-known  principles  in  optics,  to  form  an 
image  of  the  prism  on  a  screen  placed  at  the  proper  distance.  This 
image  is  formed  by  rays  of  all  colours,  and  you  see  the  result  is  white. 
But  if  I  stop  any  of  the  coloured  rays  the  image  is  no  longer  white, 
but  coloured ;  and  if  I  only  let  through  rays  of  one  colour,  the  image 
of  the  prism  appears  of  that  colour. 

I  have  here  an  arrangement  of  slits  by  which  I  can  select  one,  two, 
or  three  portions  of  the  light  of  the  spectrum,  and  allow  them  to  form 
an  image  of  the  prism  while  all  the  rest  are  stopped.  This  gives  me 
a  perfect  command  of  the  colours  of  the  spectrum,  and  I  can  produce 
on  the  screen  every  possible  shade  of  colour  by  adjusting  the  breadth 
and  the  position  of  the  slits  through  which  the  light  passes.  I  can 
also,  by  interposing  a  lens  in  the  passage  of  the  light,  show  you  a 
magnified  image  of  the  slits,  by  which  you  will  see  the  different  kinds 
of  light  which  comi)08e  the  mixture. 

The  colours  are  at  present  red,  green,  and  blue,  and  the  mixture 
of  the  three  colours  is,  as  you  see,  nearly  white.  Let  us  try  the  effect 
of  mixing  two  of  these  colours.  Bed  and  blue  form  a  fine  purple  or 
crimson,  green  and  blue  form  a  sea-green  or  sky-blue,  red  and  green 
form  a  yellow. 

Here  again  we  have  a  fact  not  universally  known.  No  painter, 
wishing  to  produce  a  fine  yellow,  mixes  his  red  with  his  green.  The 
result  would  be  a  very  dirty  drab  colour.  He  is  furnished  by  nature 
with  brilliant  yellow  pigments,  ancThe  takes  advantage  of  these.  When 
he  mixes  red  and  green  paint,  the  red  light  scattered  by  the  red  paint  is 
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robbed  of  nearly  all  its  brightness  by  getting  among  particles  of  green, 
and  the  green  light  fares  no  better,  fbr  it  is  sure  to  fall  in  with  par- 
ticles of  red  paint.  Bat  when  the  pencil  with  which  we  paint  is 
composed  of  the  rays  of  light,  the  effect  of  two  coats  of  colour  is  very 
different.  The  red  and  the  green  form  a  yellow  of  great  splendour, 
which  may  be  shown  to  be  as  intense  as  the  purest  yellow  of  the 
spectrum. 

I  have  now  arranged  the  slits  to  transmit  the  yellow  of  the  spec- 
trum. You  see  it  is  similar  in  colour  to  the  yellow  formed  by  mixing 
red  and  green.  It  differs  from  the  mixture,  however,  in  being  strictly 
homogeneous  in  a  physical  point  of  view.  The  prism,  as  you  see,  does 
not  divide  it  into  two  portions  as  it  did  the  mixture.  Let  us  now 
combine  this  yellow  with  the  blue  of  the  spectrum.  The  result  is 
certainly  not  green ;  we  may  make  it  pink  if  our  yellow  is  of  a  warm 
hue,  but  if  we  choose  a  greenish  yellow  we  can  produce  a  good  white. 

Ton  have  now  seen  the  most  remarkable  of  the  combinations  of 
colours — the  others  differ  from  them  in  degree,  not  in  kind.  I  must 
now  ask  you  to  think  no  more  of  the  physi^  arrangements  by  which 
you  were  enabled  to  see  these  colours,  and  to  concentrate  your  atten- 
tion upon  the  colours  you  saw,  that  is  to  say  on  certain  sensations  of 
which  you  were  conscious.  We  are  here  surrounded  by  difficulties  of 
a  kind  which  we  do  not  meet  with  in  purely  physical  inquiries. 
We  can  all  feel  these  sensations,  but  none  of  us  can  describe  them. 
They  are  not  only  private  property,  but  they  are  incommunicable. 
We  have  names  for  the  external  objects  which  excite  our  sensations, 
but  not  for  the  sensations  themselves. 

When  we  look  at  a  broad  field  of  uniform  colour,  whether  it  is 
really  simple  or  compound,  we  find  that  the  sensation  of  colour  ap- 
pears to  our  consciousness  as  one  and  indivisible.  We  cannot  directly 
recognize  the  elementary  sensations  of  which  it  is  composed,  as  we 
can  distinguish  the  component  notes  of  a  musical  chord.  A  colour, 
therefore,  must  be  regarded  as  a  single  thing,  the  quality  of  which  is 
capable  of  variation. 

To  bring  a  quality  within  the  grasp  of  exact  science,  we  must 
conceive  it  as  de|)eudiiig  on  the  values  of  one  or  more  variable  quan- 
tities, and  the  first  step  in  our  scientific  progress  is  to  determine  the 
niunber  of  these  variables  which  are  necessary  and  sufficient  to  de- 
termine the  quality  of  a  colour.  We  do  not  require  any  elaborate 
experiments  to  prove  that  the  quality  of  colour  can  vary  in  throe  and 
only  in  three  independent  ways. 

One  way  of  expressing  this  is  by  saying,  with  the  painters,  that 
colour  may  vary  in  hue,  tint,  and  shade. 

The  finest  example  of  a  series  of  colours,  varying  in  hue,  is  the 
spectrum  itself.  A  difference  in  hue  may  be  illustrated  by  the  dif- 
f(»rcmce  betweiMi  adjoining  colourt  in  the  spectrum.  The  series  of 
hues  in  the  spectrum  is  not  complete;  for,  in  order  to  get  purple 
hues,  we  must  blend  the  rod  and  the  blue. 
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Tint  may  be  defined  as  the  degree  of  purity  of  a  colour.  Thus, 
bright  yellow,  bafiE^  and  cream-colour,  form  a  series  of  colours  of  nearly 
the  same  hue,  but  varying  in  tint.  The  tints,  corresponding  to  any 
given  hue,  form  a  scries,  beginning  with  the  most  pronounced  colour, 
and  ending  with  a  perfectly  neutral  tint. 

Shade  may  be  defined  as  the  greater  or  less  defect  of  illumination. 
If  we  begin  with  any  tint  of  any  hue,  we  can  form  a  gradation  from 
that  colour  to  black,  and  this  gradation  is  a  series  of  shades  of  that 
colour.     Thus  we  may  say  that  brown  is  a  dark  shade  of  orange. 

The  quality  of  a  colour  may  vary  in  three  different  and  inde- 
pendent ways.  We  cannot  conceive  of  any  others.  In  fact,  if  we 
adjust  one  colour  to  another,  so  as  to  agree  in  hue,  in  tint,  and  in 
shade,  the  two  colours  are  absolutely  indistinguishable.  There  are 
therefore  throe,  and  only  three,  ways  in  which  a  colour  can  vary. 

I  have  purposely  avoided  introducing  at  this  stage  of  our  inquiry 
anything  which  may  be  called  a  scientific  experiment,  in  order  to  show 
that  we  may  determine  the  number  of  quantities  upon  which  the 
variation  of  colour  depends  by  means  of  our  ordinary  experience  alone. 

Here  is  a  point  in  this  room :  if  I  wish  to  specify  its  position,  I 
may  do  so  by  giving  the  measurements  of  three  distances — namely, 
the  height  above  the  floor,  the  distance  from  the  wall  behind  me,  and 
the  distance  from  the  wall  at  my  left  hand. 

This  is  only  one  of  many  ways  of  stating  the  position  of  a  point,  but 
it  is  one  of  Mie  most  convenient.  Now,  colour  also  depends  on  three 
things.  K  we  call  these  the  intensities  of  the  three  primary  colour 
sensations,  and  if  we  arc  able  in  any  way  to  measure  these  three  in- 
tensities, we  may  consider  the  colour  as  si)ecified  by  these  three 
measurements.  Hence  the  specification  of  a  colour  agrees  with  the 
specification  of  a  point  in  the  room  in  depending  on  three  measure- 
ments. 

Let  us  go  a  step  farther  and  suppose  the  colour  sensations  measured 
on  some  scale  of  intensity,  and  a  point  found  for  which  the  three  dis- 
tances, or  co-ordinates,  contain  the  same  number  of  feet  as  the  sensa- 
tions contain  degrees  of  intensity.  Then  we  may  say,  by  a  useful 
geometrical  convention,  that  the  colour  is  represented,  to  our  mathe- 
matical imagination,  by  the  point  so  found  in  the  room ;  and  if  there 
are  several  colours,  represented  by  several  points,  the  chromatic 
relations  of  the  colours  will  be  represented  by  the  geometrical  rela- 
tions of  the  points.  This  method  of  expressing  the  relations  of 
colours  is  a  great  help  to  the  imagination.  You  will  find  these 
relations  of  colours  stated  in  an  exceedingly  clear  manner  in  Mr. 
Benson's  *  Manual  of  Colour,*  one  of  the  very  few  books  on  colour  in 
wliich  the  statements  are  founded  on  legitimate  experiments. 

There  is  a  still  more  convenient  method  of  representing  the  rela- 
tions of  colours  by  means  of  Young's  triangle  of  colours.  It  is 
impossible  to  represent  on  a  plane  piece  of  paper  every  conceivable 
colour,  to  do  this  requires  space  of  three  dimensions.  If,  however,  we 
consider  only  colours  of  the  same  shade — that  is,  colours  in  which 
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the  compound  colour  till  it  appears  exactly  similar  to  the  other.  This 
can  bo  done  with  the  greatest  exactness  when  the  resultant  colour  is 
nearly  white.  I  have  therefore  constructed  an  instrument  which  I 
may  call  a  colour-box,  for  the  purpose  of  making  matches  between  two 
colours.  It  can  only  be  used  by  one  obseryer  at  a  time,  and  it  re- 
quires daylight,  so  I  have  not  brought  it  with  me  to-night.  It  is 
nothing  but  the  realization  of  the  construction  of  one  of  Newton's 
propositions  in  his  '  Lectiones  Optices,'  where  he  shows  how  to  take  a 
beam  of  light,  to  separate  it  into  its  components,  to  deal  with  these 
components  as  we  please  by  moans  of  slits,  and  afterwards  to  unite 
them  into  a  beam  again.  The  observer  looks  into  the  box  through  a 
small  slit.  He  sees  a  round  field  of  light  consisting  of  two  semi- 
circles  divided  by  a  vertical  diameter.  The  semicircle  on  the  left 
consists  of  light  which  has  been  enfeebled  by  two  reflexions  at  the 
surfEioe  of  glass.  That  on  the  right  is  a  mixture  of  colours  of  the 
spectrum,  ti^e  positions  and  intensities  of  which  are  regulated  by  a 
system  of  slits. 

The  observer  forms  a  judgment  respecting  the  colours  of  the  two 
semicircles.  Suppose  he  finds  the  one  on  the  right  hand  rodder  than 
the  other,  he  says  so,  and  the  operator,  by  means  of  screws  outside 
the  box,  alters  the  breadth  of  one  of  the  idits,  so  as  to  make  the  mix- 
ture less  red ;  and  so  on,  till  tlie  right  semicircle  is  made  exactly  of 
tlie  same  appearance  as  the  left,  and  the  line  of  separation  becomes 
almost  invisible. 

When  the  operator  and  the  observer  have  worked  together  for 
some  time,  they  get  to  understand  each  other,  and  the  colours  are 
adjusted  much  more  rapidly  than  at  first. 

When  the  match  is  pronounced  perfect,  the  positions  of  the  slits, 
as  indicated  by  a  scale,  are  registered,  and  the  breadth  of  each  slit  is 
carefully  measured  by  means  of  a  gauge.  The  registered  result  of  an 
observation  is  called  a  "  colour  equation.'*  It  asserts  that  a  mixture 
of  three  colours  is,  in  the  opinion  of  the  observer  ^whose  name  is 
given),  identical  with  a  neutral  tint,  which  we  shall  call  Standard 
White.  Eacli  colour  is  specified  by  the  position  of  the  slit  on  the 
scale,  which  indicates  its  position  in  the  spectnmi,  and  by  the  breadtli 
of  the  sb't,  which  is  a  measure  of  its  intensity. 

In  order  to  make  a  survey  of  the  spectrum  we  select  throe  points 
for  purposes  of  comparison,  and  we  call  these  the  three  Standard 
Colours.  The  standiu^d  colours  are  selected  on  the  same  principles  as 
those  which  guide  the  engineer  in  selecting  stations  for  a  survey. 
They  must  be  conspicuous  and  invariable  and  not  in  the  same  straight 
line. 

In  the  chart  of  the  spectrum  you  may  see  the  relations  of  the 
various  colours  of  the  spectrum  to  the  three  standard  colours,  and  to 
each  other.  It  is  manifest  that  the  standard  green  which  I  have 
chosen  cannot  be  one  of  the  true  primary  colours,  for  the  other 
colours  do  not  all  lie  \vithin  the  triangle  formed  by  joining  them. 
But  the  chart  of  the  spectrum  may  be  described  as  consisting  of  two 
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rtraiglit  lines  meeting  in  a  point.  This  point  corresponds  to  a  green 
abont  a  fifth  of  the  distance  from  h  towards  F.  This  green  has  a 
wave  length  of  abont  510  millionths  of  a  millimetre  by  Ditsoheiner*s 
measurement.  This  green  is  either  the  true  primary  green,  or  at  least 
it  is  the  nearest  approach  to  it  which  we  can  over  see.  Proceeding 
from  this  green  towards  the  red  end  of  the  spectrum,  we  find  the 
different  colours  lying  ahnost  exactly  in  a  straight  line.  This  indicates 
that  any  colour  is  chromatically  equivalent  to  a  mixture  of  any  two 
colours  on  opposite  sides  of  it,  and  in  the  same  straight  line.  The 
extreme  red  is  considerably  beyond  the  standard  red,  but  it  is  in  the 
same  straight  line,  and  therefore  we  might,  if  we  had  no  other  eyidenoe, 
assume  the  extreme  red  as  the  true  primary  red.  We  shall  see,  how- 
ever, that  the  true  primary  red  is  not  exacUy  represented  in  colour  by 
any  part  of  the  spectrum.  It  lies  somewhat  beyond  the  extreme  red, 
but  in  the  same  straight  line. 

On  the  blue  side  of  primary  green  the  colour  equations  are  seldom 
so  accurate.  The  colours,  however,  lie  in  a  line  which  is  nearly 
straight.  I  have  not  been  able  to  detect  any  measurable  chromatic 
difference  between  the  extreme  indigo  and  the  violet.  The  colours  of 
this  end  of  the  spectrum  are  represented  by  a  number  of  points  very 
dose  to  each  oilier.  We  may  suppose  that  the  primary  blue  is  a 
sensation  differing  little  from  that  excited  by  the  parts  of  the  spectrum 
near  G. 

Now,  the  first  thing  which  occurs  to  most  people  about  this  result 
is  that  the  division  of  the  spectrum  is  by  no  means  a  fair  one.  Be- 
tween the  red  and  the  green  we  have  a  series  of  colours  apparently 
very  different  from  either,  and  having  such  marked  characteristics 
that  two  of  thom,  orange  and  yellow,  have  received  separate  names. 
The  colours  between  the  green  and  the  blue,  on  the  other  hand,  have 
an  obvious  resemblance  to  one  or  both  of  the  extreme  colours,  and 
no  distinct  names  for  these  colours  have  ever  become  popularly 
recognized. 

I  do  not  profess  to  reconcile  this  discrepancy  between  ordinary 
and  scientific  ox2)ericnco.  It  only  shows  that  it  is  impossible  by  a 
mere  act  of  introspection  to  make  a  true  analysis  of  our  sensations. 
Consciousness  is  our  only  authority;  but  consciousness  must  be 
methoilically  examined  in  order  to  obtain  any  trustworthy  results. 

I  have  here,  through  the  kindness  of  Professor  Huxley,  a  picture 
of  the  structure  upon  which  the  light  faUs  at  the  back  of  the  eye. 
There  is  a  minute  structure  of  bodies  like  rods  and  cones  or  pegs, 
and  it  is  conceivable  that  the  mode  in  which  we  become  aware  of  &e 
sha]K>s  of  things  is  by  a  consciousness  which  differs  according  to  the 
particular  rods  on  the  ends  of  which  the  light  falls,  just  as  the  pattern 
on  the  web  formed  by  a  Jac<iuard  loom  depends  on  the  mode  in  which 
the  perforated  cards  act  on  the  system  of  movable  rods  in  that 
machine.  In  the  eye  we  have  on  the  one  hand  light  falling  on  this 
wonderful  Htrnctiins  and  on  the  other  hand  we  have  the  sensation  of 
sight.     We  cannot  compare  these  two  things ;  they  belong  to  opposite 
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categories.  The  whole  of  Metaphysics  lies  like  a  great  gnlf  between 
them.  It  is  possible  that  discoyeries  in  physiology  may  be  made  by 
tracing  the  course  of  the  nervous  disturbance 

'*  Up  the  fine  fibres  to  the  sentient  brain ; " 

but  this  would  make  us  no  wiser  than  we  are  about  those  oolour- 
sensations  which  we  can  only  know  by  feeling  them  ourselyes.  Still, 
though  it  is  impossible  to  become  acquainted  with  a  sensation  by  the 
analomical  study  of  the  organ  with  which  it  is  connected,  we  may 
make  use  of  the  sensation  as  a  means  of  investigating  the  anatomicad 
structure. 

A  remarkable  instance  of  this  is  the  deduction  of  Helmholts's 
theory  of  the  structure  of  the  retina  from  that  of  Toung  with  re- 
spect to  the  sensation  of  colour.  Young  asserts  that  there  are  three 
elementary  sensations  of  colour;  Helmholtz  asserts  that  there  are 
three  systems  of  nerves  in  the  retina,  each  of  which  has  for  its  func- 
tion, when  acted  on  by  light  or  any  other  disturbing  agent,  to  excite 
in  us  one  of  these  throe  sensations. 

No  anatomist  has  hitherto  been  able  to  distinguish  these  three 
systems  of  nerves  by  microscopic  observation.  But  it  is  admitted  in 
physiology  that  the  only  way  in  which  the  sensation  excited  by  a 
particular  nerve  can  vary  is  by  degrees  of  intensity.  The  intensity 
of  the  sensation  may  vary  frt)m  the  funtost  impression  up  to  an 
insupportable  pain ;  but  whatever  bo  the  exciting  cause,  the  sensation 
will  he  the  same  when  it  reaches  the  same  intensity.  If  this  doctrine 
of  the  function  of  a  nerve  bo  admitted,  it  is  legitimate  to  reason  from 
the  fact  that  colour  may  vary  in  throe  different  ways,  to  the  inference 
that  these  throe  modes  of  variation  arise  from  the  independent  action 
of  thre^  different  nerves  or  sets  of  nerves. 

Some  very  remarkable  observations  on  the  sensation  of  colour  have 
been  made  by  M.  Sigmund  Exner  in  Professor  Helmholtz's  physiolo- 
gical laboratory  at  Heidelberg.  While  looking  at  an  intense  light  of 
a  brilliant  colour,  he  exposed  his  eye  to  rapid  alternations  of  light 
and  darkness  by  waving  his  fingers  before  his  eyes.  Under  these 
circumstances  a  peculiar  minute  structure  made  its  appearance  in 
the  field  of  view,  which  many  of  us  may  have  casually  observed. 
M.  Exner  states  that  the  character  of  this  structure  is  different 
according  to  the  colour  of  the  light  employed.  When  rod  light  is 
used  a  veined  structure  is  seen ;  when  the  light  is  green,  the  field 
appears  covered  with  minute  black  dots,  and  when  the  light  is  blue, 
spots  are  seen,  of  a  larger  size  than  the  dots  in  the  green,  and  of  a 
lighter  colour. 

•Whether  these  appearances  present  themselves  to  all  eyes,  and 
whether  they  have  for  their  physical  cause  any  difference  in  the 
arrangement  of  the  nerves  of  the  three  systems  in  Helmholtz's  theory 
I  cannot  say,  but  I  am  sure  that  if  these  systems  of  nerves  have  a 
real  existence,  no  method  is  more  likely  to  demonstrate  their  existence 
than  that  which  M.  Exner  has  followed. 
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of  these  objects,  and  they  often  suppose  that  they  see  the  same  colours 
as  we  do,  only  not  so  wolL  But  if  we  look  at  the  diagram  we  shall  see 
that  the  brightest  example  of  their  second  sensation  in  the  spectrum 
is  not  in  the  green,  but  in  the  part  which  we  call  yellow,  and  which 
we  teach  them  to  call  yellow.  The  figure  of  the  spectrum  below 
Professor  Pole's  curves  is  intended  to  represent  to  ordinary  eyes 
what  a  colour-blind  person  would  see  in  the  spectami.  I  hardly  dare 
to  draw  your  attention  to  it,  for  if  you  were  to  think  that  any  painted 
picture  would  enable  you  to  see  with  other  people's  vision  I  should 
certainly  have  lectured  in  vain. 

On  ike  TeOow  Spot. 

Experiments  on  colour  indicate  very  considerable  differences 
between  the  vision  of  different  persons,  all  of  whom  are  of  the  ordinary 
tyi>e.  A  colour,  for  instance,  which  one  person  on  comparing  it  with 
white  will  pronounce  pinkish,  another  person  will  pronounce  greenish. 
This  difference,  however,  does  not  arise  from  any  diversity  in  the 
nature  of  the  colour  sensations  in  different  persons.  It  is  exactly  of 
the  same  kind  as  would  be  observed  if  one  of  the  persons  wore  yellow 
spectacles.  In  fact,  most  of  us  have  near  the  middle  of  the  retina  a 
yellow  spot  through  which  the  rays  must  pass  before  they  reach  the 
sensitive  organ :  this  spot  appears  yellow  because  it  absorbs  the  rays 
near  the  line  F,  which  are  of  a  greenish-blue  colour.  Some  of  us  have 
this  spot  strongly  developed.  My  own  observations  of  the  spectrum 
near  tiie  line  F  are  of  very  little  value  on  this  account.  I  am  indebted 
to  Professor  Stokes  for  the  knowledge  of  a  method  by  which  anyone 
may  see  whether  he  has  this  yellow  spot.  It  consists  in  looking  at  a 
white  object  through  a  solution  of  chloride  of  chromium,  or  at  a  screen 
on  which  light  which  has  passed  through  this  solution  is  thrown 
[exhibited].  This  light  is  a  mixture  of  red  light  with  the  light  which 
IS  so  strongly  absorbed  by  the  yellow  spot.  When  it  falls  on  the 
ordinary  surface  of  the  retina  it  is  of  a  neutral  tint,  but  when  it  falls 
on  the  yellow  spot  only  the  red  light  reaches  the  optic  nerve,  and  we 
see  a  red  spot  floating  like  a  rosy  cloud  over  the  illuminated  field. 

Very  few  persons  are  unable  to  detect  the  yellow  spot  in  this  way. 
The  observer  B^  whose  colour  equations  have  been  used  in  preparing 
the  chart  of  the  spectrum,  is  one  of  the  very  few  who  do  not  see  every- 
thing as  if  through  yellow  spectacles.  As  for  myself,  the  position  of 
white  light  in  the  chart  of  the  spectrum  is  on  the  yellow  side  of  true 
white  even  when  I  use  the  outer  parts  of  the  retina ;  but  as  soon  as  I 
look  direct  at  it,  it  becomes  much  yellower,  as  is  shown  by  the  point 
W  C.  It  is  a  curious  fact  that  we  do  not  see  this  yellow  spot  on  every 
occasion,  and  that  we  do  not  think  white  objects  yellow.  But  if  we 
wear  spectacles  of  any  colour  for  some  time,  or  if  we  live  in  a  room 
lighted  by  windowa  all  of  one  colour,  we  soon  come  to  recognize  white 
paper  as  white.  This  shows  that  it  is  only  when  some  alteration 
takes  place  in  our  sensations,  that  we  are  conscious  of  their  quality. 
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There  are  several  interesting  facts  about  the  colour  sensation 
which  I  can  only  mention  briefly.  One  is  that  the  extreme  parts  of 
the  retina  are  nearly  insensible  to  red.  If  you  hold  a  red  flower  and 
a  blue  flower  in  your  hand  as  far  back  as  you  can  see  your  hand,  you 
will  lose  sight  of  the  red  flower,  while  you  still  see  the  blue  one. 
Another  is,  that  when  the  light  is  diminished  red  objects  become 
darkened  more  in  proportion  than  blue  ones.  The  third  is,  that  a 
kind  of  colour  blindness  in  which  blue  is  the  absent  sensation  can 
be  produced  artificially  by  taking  doses  of  Santonine.  This  kind  of 
colour  blindness  is  described  by  Dr.  Edmund  Rose,  of  Berlin.  It  is 
only  temporary,  and  does  not  appear  to  be  followed  by  any  more 
serious  consequences  than  headaches.  I  must  ask  your  pardon  for 
not  having  undergone  a  course  of  this  medicine,  even  for  tiie  sake  of 
becoming  able  to  give  you  information  at  first  hand  about  colour 
blindness. 

[J.  C.  M.] 
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Sib  Hknbt  Holland,  Bart.  M.D.  D.C.L.  P.RS.  President, 

in  the  Chair. 

Captain  Noble,  F.R.8.  &c. 

LATB  ROTAL  ARTTLLKST, 

On  the  Tension  of  Fired  Ounpowder, 

Thb  first  attempt  made  to  explain  the  action  of  gnnpowder  was,  I 
believe,  that  of  M.  De  la  Hire,  who,  in  the  History  of  the  French 
Academy  for  1702,  ascribed  the  force  of  fired  gunpowder  to  the 
behayiour  of  the  air  enclosed  in  and  between  the  grains  of  powder. 
This  air  he  considered  to  be  highly  heated  by  the  combustion  of  the 
charge,  and  the  consequent  elasticity  to  be  the  moving  force  of  the 
projectile. 

Bobins,  who  followed  M.  De  la  Hire  as  the  next  writer  on  the  sub- 
ject, and  who  may  be  considered  to  have  laid  the  foundation  of  this, 
as  of  so  many  other  departments  of  artillery  science,  points  out  how 
inadequate  to  the  effect  are  the  forces  supposed  to  act  by  M.  De  la 
Hire.  Ho  himself  instituted  a  carefully-planned  and  weU-oonducted 
series  of  experiments,  in  which  he  determined  the  quantity  of  perma- 
nent gas  generated  by  the  explosion  of  gunpowder ;  adduced  experi- 
ments which  he  considered  to  prove  that  this  quantity  is  the  same 
whether  the  powder  be  exploded  in  the  air  or  in  vacuo ;  and  finally 
determined  the  increase  of  elasticity  due  to  the  supposed  temperature 
of  the  explosion.  The  conclusions  at  which  Robins  arrived  were 
briefly  as  follow : — 1.  That  the  whole  action  of  the  powder  on  the 
projectile  was  due  to  the  permanent  cases  generated  by  the  explosion. 
2.  That  at  ordinary  temperature  and  atmospheric  pressure  the  per- 
manent gases  occupied  about  240  times  the  volume  of  the  unezploded 
powder.  3.  That  the  heat  of  combustion  increased  this  volume  to 
about  1000  times  that  of  the  powder,  and  that  henoe  the  m^xifnnm 
force  of  gunpowder — somewhat  less  with  small,  somewhat  greater 
with  largo  cliarges — was  about  1000  atmospheres,  that  is  to  say  about 
6^  tons  on  the  square  inch.  But  although  Bobins  considered  this 
pressure  the  maximum  exerted  by  fired  g^powder,  it  is  worthy  of 
remark  that  he  recognized  the  intensity  of  Uie  local  pressure  which 
arises  when  the  gases  generated  have  space  sufficient  to  acquire  a  con- 
VoL.  VI.     (No.  65).  IT 
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siderable  Telocity  before  meeting  with  an  obstacle.  In  a  oommon 
mnsket  he  placed  a  bullet  16  inches  from  the  charge,  and  found  that 
at  the  seat  of  the  shot  the  barrel  was  bulged  like  a  bladder  to  twice  its 
original  diameter,  while  two  pieces  were  blown  ont  of  it. 

The  first  regular  experiments  which  had  for  their  object  the 
determination  of  the  pressure  of  gunpowder  fired  in  a  dose  yessel  or 
chamber  were  those  of  Count  Bumford,  made  in  1793,  and  published 
in  the  Transactions  of  the  Boyal  Society  for  1797.  The  powder  used 
was  sporting,  of  very  fine  grain,  and  its  composition  (there  being  only 
67  per  cent,  of  saltpetre),  differed  notably  from  ordinary  powder.  The 
charges  used,  moreover,  were  very  small,  the  maximum  being  only  18 
grains.  In  one  case,  indeed,  the  vessel  was  filled ;  about  28  grains 
were  necessary  to  fill  the  chamber ;  but  by  this  experiment  the  vessel 
was  destroyed.  The  objects  Rumford  had  in  view  were— first,  to 
ascertain  the  limit  of  the  force  exercised  by  the  exploded  powder 
when  the  gases  are  at  their  maximum  density ;  secondly,  to  determine 
the  relation  between  the  density  of  the  gases  and  the  tension.  The 
results  of  the  first  and  most  reliable  series  of  Eumford's  experiments 
give  the  maximum  tension  at  about  29,000  atmospheres,  or  191  tons 
on  the  square  inch.  But,  great  as  this  pressure  is.  Count  Bumford 
considers  it  much  below  the  truth.  He  made  a  second  series,  the 
results  of  which,  to  use  his  own  words,  "  are  still  more  various,  extra- 
ordinary, and  inexplicable."  The  tension  of  the  gas  in  the  first  series 
of  experiments  was  with  12  grains  of  powder  about  2700  atmospheres ; 
but  in  this  second  series  the  pressure  with  the  same  charge  is  repeat- 
edly found  to  be  above  9000  atmospheres.  Count  Bumford  does  not 
attempt  to  explain  the  enormous  discrepancy  between  the  two  sets  of 
experiments,  unless  a  remark  on  the  heat  of  the  weather  during  the 
second  set  can  be  so  considered;  but,  relying  on  this  second  series 
and  on  the  experiment  in  which  the  vessel  was  destroyed  by  28  grains, 
he  arrived  at  the  conclusion  that  101,021  atmospheres,  or  662  tons 
on  the  square  inch,  is  the  measure  of  the  initial  force  of  the  elastic 
fluid  generated  by  the  combustion  of  gunpowder.  Bumford  met  the 
objection  that  if  the  tension  were  anything  like  that  he  names,  no 
gun  would  have  a  chance  of  standing,  by  assuming  that  the  com- 
bustion of  the  powder  is  much  slower  than  is  ordinarily  supposed, 
and,  indeed,  lasts  all  the  time  the  shot  is  in  the  bore  ;  and  he  further 
accounts  for  the  enormous  initial  tension  by  ascribing  it  to  the  elas- 
ticity of  the  aqueous  vapour  or  steam  contained  in  the  powder. 
Beasoning,  on  M.  de  Betancourt*s  experiments,  that  the  elasticity  of 
steam  is  doubled  by  every  addition  of  temperature  equal  to  30°  Fah- 
renheit, his  only  difficulty,  and  one  which  he  leaves  to  his  successors 
to  explain,  is  why  the  steam  liberated  by  the  combustion  of  the 
powder  does  not  exercise  a  much  higher  pressure  than  the  100,000 
atmospheres  he  has  assigned  to  it. 

In  1843  Colonel  Cavalli  proposed  to  insert  in  the  bore  of  a  gun  a 
series  of  small  barrels,  intended  to  throw  a  wrought-iron  spherical 
ball.    By  ascertaining  the  velocities  of  these  balls  Colonel  Cavalli 
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considered  that  he  would  be  able  to  assign  the  corresponding  pressures. 
Colonel  Cavalli's  plan  was  actually  carried  out,  and  from  his  experi- 
ments he  deduced  what  ought  to  be  the  theoretical  thickness  of  the 
metal  at  various  points  along  the  bore. 

A  very  great  improYement  on  Colonel  Cavalli's  method  was  intro- 
duced in  1854  by  a  Prussian  Artillery  Committee,  under  the  direction 
of  General,  then  Major,  Neumann.  .  .  •  But  their  experiments  do  not 
possess  a  very  high  interest,  as  they  were  applied  only  to  compara- 
tively very  small  guns,  and  had  for  their  chief  object  the  comparison 
between  elongated  and  non-elongated  cartridges.  The  general  result 
seems  to  have  been  that  in  the  6-pr.  gun  the  maximum  pressure  was 
about  1100  atmospheres,  while  in  tiie  12-pr.  it  was  nearly  1300 
atmospheres,  .  .  .  and  in  every  charge  with  which  they  experimented 
two  maxima  of  tension  were  distinctly  perceptible.  The  Bussian 
artillerist,  General  Mayevski,  in  a  memoir  founded  on  these  experi- 
ments, confirms  the  results  at  which  thd  Prussian  Conmiittee  have 
arrived,  and  points  out  that  from  the  experiments  the  maximum  pres- 
sure must  be  attained  before  the  bullet  is  any  considerable  distance 
from  its  initial  position.  General  Nemnann's  method  appears  to  have 
been  repeated  in  Belgium  about  the  year  1860  with  a  70-pr.  rifled 
gun.  I  have  not  seen  a  detailed  report  of  these  trials,  but  the  maxi- 
mum pressure  with  ordinary  i>owder  was  stated  to  be  about  8000 
atmospheres. 

In  1857-8-9  Major  Bodman  carried  on  for  the  United  States  a 
most  interesting  and  extensive  series  of  experiments  on  gunpowder. 

t These  wore  frdly  described  by  the  aid  of  diagrams  and  tables.] 
le  appears  to  have  been  the  first  person  who  experimented  on  the 
efibet  of  size  of  grain,  and  proposed  prismatic  powder.  It  is  most 
unfortunate  that  experiments  so  well  devised,  and  carried  out  with 
so  much  care,  should  be  rendered  in  many  cases  almost  valueless 
by  the  absence  of  important  data,  by  the  admission  of  manifestly 
erroneous  observations,  and,  finally,  by  results  passed  over  in  silence 
which  are  not  only  frequently  anomalous,  but  in  some  cases  abso- 
lutely impossible. 

Major  Bodman,  like  Count  Bumford,  endeavoured  to  ascertain  the 
maximum  force  which  powder  was  capable  of  exerting  when  fired  in 
its  own  volume.  He  fired  various  charges  in  enormously  strong  shells, 
through  a  small  vent  ^j^"  in  diameter,  and  he  considered  that  in  all 
cases  the  maximum  pressure  would  be  exerted  before  the  shell  burst. 
His  results  were  very  diverse,  varying  from  82  tons  per  square  inch 
(4900  atmospheres)  to  82  tons,  or  about  12,400  atmospheres,  and, 
singularly  enough,  the  highest  pressure  tras  given  by  the  smallest 
cliargo  :  from  the  great  discrepancies,  as  well  as  from  other  consider- 
ations, I  do  not  think  we  can  accept  these  determinations  as  entitled 
to  much  weight. 

]\[M.  Bunsen  and  Schischkoff's  experiments  were  directed,  in  the 
first  place,  to  determine  the  exact  nature,  both  of  the  permanent  gases 
and  the  solid  products  generated  by  the  explosion  of  powder ;  secondly, 
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to  determino  the  hoat  generated  by  the  act  of  explosion  ;  thirdly,  to 
determine  the  rnaximnTn  preasnre  which  gonpowder  fired  in  a  close 
chamber  would  give  rise  to ;  and,  finally,  to  determine  the  total  quan- 
tity of  work  which  a  given  weight  of  gunpowder  is  capable  of  produc- 
ing. The  apparatus  adopted  for  obtaining  th.e  products  of  combustion 
was  so  arranged  that  the  powder  to  be  analyzed  fedls  in  a  very  finely 
divided  stream  into  a  heated  bulb,  in  which,  and  in  tubes  con- 
nected with  it,  the  resulting  products  are  collected  for  examination. 
MM.  Bunsen  and  SchischkofE^  in  drawing  attention  to  their  results  and 
the  extraordinary  difference  between  their  estimates  and  those  given 
by  so  eminent  an  authority  as  Piobert,  point  out  that  many  of  the  as- 
sumptions previously  made^must  depend  on  very  fiEtulty  premises ;  but 
their  own  experiments  have  not  altogether  escaped  attack,  and  I  think 
we  are  bound  to  receive  some  of  their  results  with  great  reservation, 
until  it  can  be  demonstrated  that  the  products  of  combustion  are  the 
same  in  the  bore  of  a  gun  as  when  produced  in  the  method  followed 
in  these  experiments. 

The  results  of  their  analysis  are  given  in  this  table.*  The  perma- 
nent gases  at  a  temperature  of  zero  and  pressure  of  760  mm.,  occupied 
a  volume  193  times  greater  than  that  occupied  by  the  powder,  and 
represented  about  f\V  ^^  weight  of  the  powder.  The  remainder  was 
solid  residue,  and  MM.  Bunsen  and  Schischkoff  conceive,  that  although 
a  portion  of  these  solid  matters  may  undoubtedly  be  volatilized  by  the 
high  temperature  of  the  explosion,  yet  any  pressure  which  may  be 
exerted  by  such  vapours  is  quite  insignificant.  This  opinion  appears 
to  be  founded  on  the  fact  that  the  solid  residue  arising  from  &e  ex- 
plosion of  gunpowder  is  not  fused  when  exposed  to  the  action  of  a  jet 
of  inflamed  hydrogen. 

Piobert  and  o^er  authorities,  on  the  other  hand,  consider  that  the 

*  Transformation  experienced  by  gunpowder  in  burning,  after  Bunsen  and 
Schischkofil 
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A  committeo,  nndor  the  presidency  of  Oolonel  Toonghnsbttnd, 
has  been  rocently  appointed  to  examine  into  onr  gonpowder,  which 
has  for  some  years  enjoyed  on  the  Continent  the  mieniiable  denomi- 
nation of  "  brutal  powder." 

The  researches  of  this  committee  haye  been  solely  devoted  in  the 
first  place  to  a  special  object — the  production  of  a  powder  suitable  for 
the  monster  guns  which  are  now  required  by  the  serrioes.  .  •  •  The 
guns  wo  have  principally  used  have  been  three  in  number — a  gun  of 
2*1  in.  diameter,  firing  projectiles  of  4i  lbs.,  and  charges  of  9  oz. ;  an 
8-in.  gun,  firing  projectiles  of  180  lbs.,  and  charges  of  from  20  to  40  lbs. ; 
and  a  10-in.  gun,  firing  projectiles  of  400  lbs.,  and  charges  of  from 
60  to  70  lbs.  of  powder.  The  means  we  have  used  to  determine  the 
pressure  have  boon  likewise  three — ^first,  a  Rodman  gauge ;  aeoondly, 
a  crusher  gauge,  designed  to  overcome  certain  faults  in  the  Bodman 
gauge;  thirdly,  a  chronoscope,  designed  for  measuring  very  minute 
intervals  of  time.  .  .  . 

The  chronoscope  consists  of  a  series  of  thin  disks,  each  36  inches 
in  circumference,  fixed  at  intervals  on  a  horizontal  shaft,  and  driven 
at  a  high  speed  by  a  heavy  descending  weight,  which  is,  during  the 
experiment,  continually  wound  up  by  a  handle,  and  with  a  little 
practice  the  instrument  can  be  made  to  travel  either  quite  unifbxmly 
or  at  a  rate  very  slowly  increasing  or  decreasing.  The  precise  rate  of 
the  disks  is  ascertained  by  means  of  a  stop-clock,  which  can  be  con- 
nected or  disconnected  with  a  revolving  shaft  at  pleasure.  The  speed 
with  which  the  circumferences  of  the  disks  travel  is  in  this  instrument 
generally  about  1200  inches  per  second.  An  inch  therefore  repre- 
sents the  1200th  part  of  a  second,  and  as  by  means  of  a  vernier  we 
are  able  to  divide  the  inch  into  1000  parts,  the  instrument  is  capable 
of  recording  less  than  the  one-millionth  part  of  a  second.  I  may 
mention,  by  way  of  enabling  you  to  realize  the  extreme  minuteness  of 
this  ]>ortion  of  time,  that  the  millionth  part  of  a  second  is  about  the 
same  fraction  of  a  second  that  a  second  is  of  a  fortnight. 

When  the  primary  of  an  induction  coil  is  suddenly  severed,  a  spark 
under  proper  management  is  given  off  from  the  secondary,  and  in  the 
arrangement  I  am  describing,  the  severance  of  the  primary  is  caused 
by  the  shot  in  its  passage  through  the  bore,  and  the  record  of  its 
passage  is  transferred  to  the  disks  in  the  following  way.  The  peri- 
pheries of  the  revolving  disks  are  covered  with  strips  of  white  paper 
coated  with  lampblack,  and  are  connected  with  one  of  the  secondary 
wires  of  an  induction  coil.  The  other  secondary  wire,  careftilly 
insulated,  is  brought  to  a  discharger  opposite  to  the  edge  of  a  disk, 
and  fitted  so  as  to  be  just  clear  of  it.  The  primary  wires  of  the 
induction  coils  are  so  connected  with  the  bore  of  a  gun  that  the  shot 
in  passing  a  definite  point  shall  sever  the  primary  current,  and  thereby 
produce  a  spark  from  the  secondary.  A  hollow  plug  is  screwed  into 
the  gun,  carrying  at  the  end  next  the  bore  a  cutter,  which  projects 
slightly  into  the  bore.  The  cutter  is  held  in  this  position  by  the 
primary  wire,  which  passes  in  at  one  side  of  the  plug,  then  through 
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Alihongli  we  find  that  almost  inappreciable  difforenoes  in  the 
manufacture  cause  occasionally  great  diffarenoes  of  action  when  the 
powder  is  submitted  to  the  test  of  firing,  we  are  able  to  point  to 
seyeral  causes  which  are  of  the  greatest  importance  in  modifying  the 
behaviour  of  the  powder  in  the  gun.  These  points  are — 1.  Specific 
gravity;  2.  Length  of  time  during  which  the  component  charcoal 
has  been  burned ;  3.  Degree  of  moisture  employed  in  manufacture ; 
4«  Hardness ;  5.  Size  of  grain. 

Much  less  time  was  taken  by  the  shot  in  the  earlier  parts  of  its 
motion  in  the  case  of  B.  L.  G.  and  pebble  than  in  that  of  prismatic. 
It  may  be  interesting  to  mention  that  the  total  time  taken  by  a  pro- 
jectile, when  fired  with  a  battering  charge,  to  reach  the  muzzle  of  a 
10-in.  gun  is  about  the  one-hundredth  part  of  a  second.  The  velo- 
cities at  each  point  of  the  bore,  deduced  from  these  time  curves,  were 
also  exhibited. 

The  pressures  indicated  by  curves  obtained  from  the  chronoscope 
indications  were  compared  with  the  corresponding  indications  with  the 
crusher  gauge.  They  are  as  follows : — With  the  pebble,  pellet,  and 
prismatic  powders,  under  ordinary  circumstances,  with  ordinary  or 
battering  charges  of  the  service  and  with  service  vents,  the  pressures 
indicated  by  the  crushers  placed  in  the  powder  chamber  do  not  diSer 
materially  from  one  another,  and  any  of  uiem,  or  the  mean  of  the  whol6 
of  them,  agree  tolerably  closely  with  the  Tn«.TinnnTn  pressure  indicated 
by  the  chronoscope.  But  when  we  come  to  E.  L.  G.  or  L.  G.  powders  (the 
old  quick-burning  powders),  a  striking  difierence  manifests  itself;  not 
only  do  the  pressures  in  E.  L.  G.  differ  very  materially  from  the  indi- 
cations given  by  the  chronoscope,  but  they  differ  widely  from  one 
another.  .  .  .  We  are  therefore  met  in  the  case  of  the  destructive 
powders  with  difficulties  which  do  not  exist  in  the  case  of  slow-burning 
powders,  and  as  wo  are  compelled  to  admit  that  some  of  these  pressures 
are  entirely  local  or  confined  to  certain  portions  of  the  gun,  we  give 
the  following  explanation.  Bobins  obtained  high  local  pressure  by 
placing  the  musket-bullet  at  some  distance  from  the  charge.  This 
phenomenon  doubtless  is  due  to  the  inflamed  gas,  vapours,  or  other  pro- 
ducts of  the  combustion  of  the  powder  attaining  a  very  high  velocity 
before  encountering  the  resistance  of  the  bullet,  and  the  reconversion 
of  the  vis  viva  into  pressure  accounts  for  the  intense  local  pressure  that 
Bobins  observed.  The  local  pressure  we  have  observed  can  be  similarly 
explained.  The  vis  viva  of  the  products  of  combustion  of  the  first  por- 
tion of  the  charge  ignited  is  in  like  manner  converted  into  pressmre  at 
the  seat  of  the  shot ;  and  as  we  know  that  the  rapidity  of  combustion 
of  powder  is  enormously  accelerated  by  the  tension  under  which  it  is 
exploded,  it  is  possible  that  this  pressure  may  be  increased  by  a  violent 
disengagement  of  gas  from  the  unconsumcd  powder  at  the  seat  of  the 
shot.  The  time  during  which  this  abnormal  pressure  is  kept  up  must 
be  exceedingly  minute,  even  when  compared  with  the  ii^itesimal 
times  we  are  considering ;  for  we  find  the  chronoscope  pressure,  which 
may  be  regarded  in  the  case  of  these  "  poudrcs  brutales  "  as  representing 


282  Captain  NdUe  [Mazch  8, 

Tho  inflamed  products  were  confined  in  a  chamber  by  means  of  a 
gas  check;  the  pressure  was  determined  by  means  of  a  omsher 
arrangement,  and  the  charge  was  exploded  by  means  of  one  of  Mr. 
Abel's  fuzes.  The  current  passed  through  an  insulated  cone,  which, 
the  moment  the  charge  was  fired,  destroyed  the  insulating  material 
and  effectually  closed  the  passage.  The  details  of  one  or  two  of  these 
experiments  will  be  interesting  to  you.  When  we  first  made  the 
arrangement  for  confining  the  powder  absolutely,  I  thought  that  the 
best  method  of  stopping  the  escape  of  the  gas  was  to  make  a  steel 
yent,  closing  it  wilJi  a  gun-metal  plug  fused  with  tin.  This  arrange- 
ment was  apparently  successful.  When  I  had  just  got  up  to  the 
cylinder,  and  was  stooping  down  to  feel  its  heat,  the  charge  suddenly 
made  its  escape  with  considerable  yiolence.  When  the  cylinder  was 
opened  for  examination  it  was  found  that  the  escape  of  the  gas  was 
due  to  the  heat  of  the  explosion  having  melted  the  tin  between  the 
conical  plug,  and  through  the  melted  tin  the  gas  readily  escaped. 
Another  most  remarkable  occurrence  was  noted  in  the  examination  of 
this  cylinder.  On  taking  out  the  crusher  apparatus,  I  found  that  a 
portion  of  the  solid  steel  projecting  into  the  charge  had  been  melted, 
and  apparently  run ;  also  the  head  of  a  hardened  steel  screw  had 
evidently  fused.  These  effects  were  produced  in  32  seconds.  By 
way  of  comparison  I  put,  for  37  seconds,  into  one  of  the  hottest  al 
Siemens'  regenerative  furnaces,  at  a  temperature  probably  of  about 
3300^  F.,  a  similar  p^ece  of  steel.  It  was  raised  only  to  a  heat  of 
about  180^  F.  The  temperature  of  this  fusion  may  have  been  seriously 
affected  by  chemical  changes  through  which  the  fused  metal  may  have 
passed. 

In  another  experiment  I  determined  the  tension  of  three-quarters 
of  a  pound  of  E.  L.  G.  powder,  completely  filling  the  chamber  in 
which  it  was  fired,  and  having  no  escape  whatever,  to  be  about  32  tons 
on  the  square  inch.  For  the  purpose  of  this  discourse  I  made  a 
similar  experiment  with  F.  G.  and  pellet.  The  results  were  com- 
pletely successful.  The  gas  was  entirely  confined.  In  the  first  case, 
when  I  got  up  to  the  cylinder  it  was  making  a  singular  crepitating 
noise,  due  probably  to  the  sudden  application  of  great  internal  heat. 
The  temperature  of  the  exterior  of  the  cylinder  rose  rapidly  to  111°  F., 
and  then  remained  nearly  stationary  for  some  time.  I  then  let  the 
gases  escape,  which  they  did  with  a  sharp  hissing  noise,  rising  to  a 
scream  when  any  obstacle  was  placed  on  the  orifice.  With  the  escaping 
gases  there  was  not  the  slightest  appearance  of  smoke,  vapour,  or 
colour  of  any  kind.  The  pressure  indicated  by  the  F.  G.  was  37  tons 
on  the  square  inch,  or  about  5600  atmospheres.  Here,  in  these  sealed 
bottles,  are  the  solid  residues  of  combustion  from  the  F.  G.,  and  also 
from  pebble.  In  each  cylinder  had  been  placed  platinum  wire  and 
foil  of  different  degrees  of  thickness.  These  have  disappeared,  and  I 
am  unable  to  say  in  what  state  they  now  are,  until  the  residues  have 
been  examined. 

I  look  upon  the  success  of  these  experimonts  as  being  of  great 
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importance.  Not  only,  with  the  assistance  of  my  friend  and  colleague 
(on  the  committee),  Mr.  Abel,  so  well  known  for  his  researches  in 
explosive  substances,  shall  we  be  able  to  determine  the  various  pro- 
ducts of  combustion  when  the  powder  is  fired  at  its  maximum  pressure, 
but  we  shall  be  able  to  determine  whether  any,  and  if  so  what,  change 
in  the  products  is  due  to  combustion  under  varying  pressure;  we 
shall  also  be  able  to  determine  the  heat  of  combustion,  and  solve 
other  important  questions.  .  .  . 

The  practical  conclusions  to  be  deduced  from  the  investigations 
forming  the  subject  of  this  discourse  may  be  arranged  as  follows : — 

1st. — The  maximum  pressure  of  fired  ordinary  gunpowder, 
unrelieved  by  expansion,  is  not  much  above  40  tons  to  the  square 
inch. 

2nd. — In  large  guns,^  owing  to  the  violent  oscillations  produced 
by  the  ignition  of  a  large  mass  of  powder,  the  pressure  of  the  gas 
is  liable  to  be  locally  exsJted,  even  above  its  normal  tension,  in  a 
perfectly  closed  vessel,  and  this  intensification  of  pressure  endan- 
gers the  endurance  of  the  gun,  while  detracting  from  the  useful 
effect. 

3rd. — Where  large  charges  are  used,  quick-burning  powder 
increases  the  strain  upon  the  gun  without  augmenting  the  velocity 
of  the  shot. 

4th. — The  position  of  the  vent,  or  firing  point,  exercises  an 
important  influence  upon  the  intensity  of  wave  action;  and  in 
further  enlarging  the  dimensions  of  heavy  guns  we  must  look  to 
improved  powder,  and  improved  methods  of  firing  the  charge,  so 
as  to  avoid  as  much  as  possible  throwing  the  ignited  gases  into 
violent  oscillation. 

5th. — In  all  cases  it  is  desirable  to  have  the  charges  as  short 
as  possible,  and  the  cartridge  so  lighted  as  to  reduce  the  run  of 
the  gas  to  the  shortest  limit. 

[A.  N.] 
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WEEKLY  EVENING  MEETING, 
Friday,  March  17,  1871. 

Sib  Henbt  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  PrefiidQiit, 

in  the  Chair. 

J.  Norman  Lookteb,  Esq.  F.B.S. 

On  the  Recent  Solar  Eclipse. 

Mt  duty  to-night,  a  pleasant  one,  although  it  is  tinged  with  a  certain 
sense  of  disappointment,  is  to  bring  before  yon  the  observations  which 
were  made  of  the  recent  eclipse  in  Spain  and  Sicily,  to  connect  them 
with  our  former  knowledge,  and  to  show  in  what  points  our  know- 
ledge has  been  extended.  In  these  observations,  as  you  know,  we  had 
nothing  to  do  with  the  sun  as  ordinarily  visible,  but  with  the  most 
delicate  phenomenon  which  becomes  visible  to  us  during  eclipses.  I 
refer  to  the  Corona. 

General  Notions  of  the  Corona. 

Let  me,  in  the  first  place,  show  you  what  is  meant  by  this  term, 
and  state  the  nature  of  the  problems  we  had  before  us.  I  have  here 
some  admirable  drawings,  which  I  will  show  by  means  of  the  lamp,  of 
the  eclipse  that  was  observed  in  1851  by  several  astronomers  who  left 
England  in  that  year  to  make  observations  in  Sweden,  where  the 
eclipse  was  visible.  You  must  bear  in  mind  that  the  drawings  I  shall 
bring  to  your  notice  were  made  in  the  same  region,  at  places  not 
more  than  a  few  miles  apart.*  The  first  drawing  was  made  by  an 
observer  whose  name  is  a  sufficient  guarantee  for  its  accuracy — I  refer 
to  Mr.  Carrington — and  when  the  shy  was  ahsoltUdy  free  from  clouds. 
In  the  next  diagram  you  will  see  the  corona  is  changed.  The  bright 
region  round  the  sun  is  no  longer  limited  to  the  narrow  border  of 
light  round  the  dark  moon,  as  seen  by  Mr.  Carrington,  but  it  is  con- 
siderably expanded.  The  third  gives  still  a  greater  extension,  although 
that  picture  was  drawn  within  a  quarter  of  a  mile  of  the  place  where 
Mr.  Carrington's  was  taken.  And  lastly,  we  have  a  drawing  made  by 
the  present  Astronomer  Eoyal,  of  that  same  eclipse,  through  a  cirro- 
stratus  cloud,  as  unlike  Mr.  Carrington's  as  anything  can  possibly  be. 
So  that  you  see  we  began  with  a  thin  band  of  light  about  the  moon, 

♦  Mr.  Carrington  observed  at  Lilla  Edet,  on  the  (Jota  River.  The  Astronomer 
Royal  observed  at  GJottenburg.  The  second  drawing  referred  to  was  made  by 
Pettersen,  at  Qottenburg ;  the  thud  by  a  friend  of  the  Rev.  T.  Chevallier,  at  the 
same  place ;  and  I  might  have  added  another  by  Fcamlay,  taken  at  Rixboft,  in 
which  the  corona  is  larger  than  in  any  of  the  others.  The  series  is  most  instruc- 
tive.    See  Mem.  R.  A.  S.,  vol.  xxi. 
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small  breadth  at  all  events  which  is  absolutely  solar,  and  which  it 
only  requires  a  diminution  of  the  solar  light  to  enable  us  to  see. 
This,  then,  we  may  look  upon  as  the  known ;  now  let  us  feel  our  way 
gradually  outwards. 

h, — Bays,  or  Streamers^  are  added  ai  Totaliiy. 

The  drawings  made  in  all  the  eclipses  which  have  been  carefblly 
recorded  bring  before  us  quite  outside  this  narrow,  undoubtedly  eolar 
region,  observed  before  totality,  as  I  have  shown,  and  also  by  Mr.  Oar- 
rington  and  by  Lieutenant  Gilliss  during  totality  in  1851  and  1858, 
extraordinary  appearances  of  a  different  order.  While  in  &ot  we  have 
a  solar  ring  from  2'  to  6'  high,  we  have  rays  of  all  shapes  and  sizes 
visible  outside,  in  some  cases  extending  as  fsur  as  4%  and  in  all  cases 
brighter  than  the  outer  corona  on  which  they  are  seen,  the  rays  being 
different  in  different  eclipses,  and  appearing  di£ferently  to  diffarent 
observers  of  the  same  eclipse,  and  even  at  the  same  station.  Here  is 
a  copy  of  a  drawing  made  by  M.  Bumker  of  the  eclipse  of  1860,  and 
I  show  it  for  the  purpose  of  calling  your  attention  to  the  &ct  that  the 
two  curious  rays  represented  in  it  belong  to  a  different  order  of  things 
from  those  which  we  see  in  the  rest  of  the  corona.  From  the  begin- 
ning to  the  middle  of  the  eclipse  the  east  rays  were  the  most  intense. 
In  the  next  drawing,  which  was  made  by  the  same  observer,  you  see 
something  absolutely  now:  and  now  the  western  side  of  the  corona  is^ 
the  most  developed ;  we  have  a  new  series  of  bright  rays,  and  altogether 
it  is  difficult  to  believe  that  it  is  a  drawing  made  by  the  same  observer 
of  the  same  eclipse. 

The  third  drawing  is  a  representation  of  the  same  eclipse  by 
M.  Marqucz,  who  observed  with  a  perfection  of  minute  care  which  has 
scarcely  ever  been  equalled :  I  bring  it  before  you  to  show  that  the  rays 
he  saw  wore  altogether  differently  situated.  We  may  conclude  then 
that  the  rays,  although  extremely  definite  and  bright — as  bright  or 
brighter  than  the  other  portions  of  the  corona  which  are  visible  before 
totality,  they  being  invisible  before  totality — appear  different  to  different 
observers  of  the  same  eclipse,  and  to  the  same  observer  during  dififorent 
phases, 

c. — They  change  from  Side  to  Side, 

I  have  already  said  that  M.  Bumker  observed  that  from  the  begin- 
ning to  the  middle  of  totality  the  rays  on  the  east  side  of  the  sun  were 
longest  and  brightest,  and  that  from  the  middle  to  the  end  of  totality 
the  rays  on  that  side  of  the  sun  where  the  totality  ended  were  longest 
and  brightest 

We  will  now  carry  this  observation  a  step  further,  by  referring  to 
three  drawings  made  by  M.  Plantamour  in  the  same  eclipse,  that  of 
1860.  In  the  first  drawing  we  have  the  beginning  of  the  total  eclipse 
as  seen  in  the  telescope  :  with  the  naked  eye  naturally  we  should  get 
the  sun  disappearing  at  the  east  or  left-hand  side,  the  moon  moving 
from  west  to  east ;  in  the  telescope  things  are  reversed,  and  we  have 
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the  oppoeito  side  shot  forth,  and  you  got  a  D  reversed  (Q).  Mr.  War- 
rington Smyth,  who  drew  a  square  corona,  saw  the  light  flash  out  into 
the  corona  before  the  end  of  totality,  and  believes  that  all  the  angles 
of  the  square  were  not  visible  at  one  and  the  same  time. 

Here,  then,  you  have  observations  of  exactly  the  same  character 
as  those  of  M.  Plantamour,  to  which  I  have  refeired.  In  the  drawings 
of  both  are  shown  the  inner  part  of  the  corona,  which  you  saw  grow- 
ing in  the  observations  of  1851,  to  which  were  added  the  strange 
forms  observed  in  1858.  Ton  have  these  strange  variations  positively 
growing  at  the  same  place  and  the  same  time,  in  the  same  and  in 
different  eyes.  Obviously  there  must  be  very  much  that  is  non-solary 
call  it  personality,  atmospheric  e£G9ct,  or  what  yon  will,  connected 
with  it.  We  have  added  to  the  stable  the  unstable.  The  question  is, 
to  what  is  this  unstable  portion  due  ? 

d. — They  are  very  variaudy  represented, 

I  will  now  refer  to  other  drawings  of  the  late  eclipse,  which  were 
made  in  Sicily.  For  some  reason  or  other,  which  I  do  not  profess  to 
understand,  the  corona,  which  appeared  in  Spain  to  be  square,  and  to 
Mr.  Oilman  like  a  D  at  the  beginning,  and  like  a  D  reversed  (Q)  at  the 
end, — to  all  those  with  whom  I  have  conversed  who  saw  it  in  Sicily, 
it  appeared  as  round  as  you  see  it  here,  in  this  drawing  made  by  Mr. 
Griffiths ;  and,  instead  of  being  square,  we  had  sent  to  us  all  sorts  of 
pictures,  a  large  number  of  them  representing  a  stellate  figure.  Here 
is  a  drawing  made  by  a  Fellow  of  the  Koyal  Society,  on  board  one  of 
Her  Majesty's  ships  (the  *  Lord  Warden ')  which  were  trying  to  save 
the  poor  *•  Psycho '  at  Catania.  In  this  we  have  perfectly  regular  rays 
drawn  from  every  region  of  the  sun,  some  long,  some  short,  but 
similar  rays  are  almost  invariably  opposite  each  other;  but  in  the 
interior,  inside  these  rays,  the  corona  is  just  as  it  was  observed  by 
Mr.  Griffiths  at  Syracuse.  I  now  show  you  a  drawing  made  by  an 
American  gentleman  at  sea,  between  Catania  and  Syracuse,  with  one 
ridiculously  long  ray,  a  ray  as  long  as  was  seen  by  Otto  Struve  in  1860. 
Other  drawings  were  made,  even  on  board  the  same  ship,  so  unlike 
each  other,  and  so  bizarre,  that  I  need  only  refer  to  them  as  showing 
that  there  at  all  events  must  be  some  personality.  We  have  then  to 
account  for  the  variations  between  the  observations  made  in  Spain  and 
those  made  in  Sicily.  I  regret  that  we  have  not  a  third  order  of  diffi- 
culties to  contend  with,  as  doubtless  we  should  have  had  if  observa- 
tions had  been  made  by  Mr.  Huggins'  party  in  North  Africa. 

e. — The  Bays  are  accompanied  by  a  Mass  of  Light. 

These  changes  of  the  rays  from  side  to  side  are  accompanied  by, 
and  are  perhaps  to  a  certain  extent  due  to,  the  bursting  forth  of  brilliant 
light  in  their  neighbourhood,  where  the  limbs  are  nearest  in  contact. 
This  was  first  observed  by  Miraldi  in  the  eclipse  of  1724,  and  has 
frequently  been  recorded  since.     Mr.  Warrington  Smyth,  to  whom  I 
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have  before  alluded,  states  that  he  noticed  this  in  the  last  eclipse,  and 
the  photographs,  I  think,  have  recorded  it ;  but  as  there  is  some  un- 
certainty on  this  point,  I  need  onlj  suggest  it. 

/. — Long  Bays  are  seen  extending  from  the  Cusps  before  and 

after  Totality. 

So  far  I  have  referred  only  to  the  rays  visible  during  totality,  but 
long  rays  were  seen  when  a  crescent  of  the  sun  was  visible  in  1860  and 
1868  by  Mr.  Galton  and  Mr.  Hennessy.  Mr.  Brett  caught  the  same 
phenomenon  last  year ;  but  as  the  sky  was  cloudy  the  commencements 
of  the  rays  only  were  seen,  appearing  like  delicate  brushes  in  prolon- 
gation of  the  cusps.  These  observations  are  of  great  value,  as  no  one 
for  one  moment  imagines  that  these  rays  are  solar,  and  yet  they  are  very 
like  those  seen  during  totality. 

g, — Sometimes  Dark  Bays,  called  Bifts,  are  seen  instead  of  Bright  ones. 

These  rays  to  which  I  have  referred  are,  however,  not  the  only 
kind  of  rays  that  are  observed.  At  times  are  seen,  as  it  were,  open- 
ings in  the  corona ;  the  openings  being  of  the  same  shape  as  the  rays, 
that  is,  expanding  as  they  leave  the  dark  moon,  and  opening  more  or 
less  exactly  as  the  rays  do.  Like  the  rays  also  they  are  sometimes 
very  numerous;  in  other  eclipses  they  are  few  in  number.  Let  us 
take  the  eclipse  observed  in  India  in  1868.  Several  drawings  made 
there  showed  the  corona  as  square  as  it  was  drawn  in  Spain  last  year ; 
(Others  as  round  as  it  was  seen  in  Sicily;  but  the  eclipse  was  not 
observed  only  in  India,  it  was  observed  at  Mantawalok-Eelee  by 
Captain  Bullock,  and  at  Whae-Whan,  on  the  east  coast  of  the  Ma- 
layan Peninsula,  by  Sir  Harry  St.  Greorge  Ord,  Grovernor  of  the 
Straits  Settlements.  In  the  former  place  we  had  rifts  expanding 
rapidly  as  they  left  the  sim — one  forms  an  angle  of  90^,  the  sides 
of  another  being  parallel — separating  patches  of  corona,  which  in 
some  places  extends  2)^  diameters  of  the  moon  from  the  sun. 

At  Whae-Whan  we  are  told  that  at  one  particular  moment  of  the 
eclipse  '*  it  was  noticed  that  from  several  points  in  the  moon*s  circum- 
ference darker  rays  emanated,  extending  to  a  considerable  distance  into 
space,  and  appearing  like  shadows  cast  forth  into  space  by  something 
not  very  well  defined ;"  these  dark  rays  afterwards  "  diminishing." 

Now  let  us  pass  on  to  the  eclipse  of  1869.  In  two  drawings  made 
by  Dr.  Gould,  in  which  the  changes  in  the  bright  bundles  of  rays  come 
out  in  a  mont  unmistakable  way,  we  get  similar  rifts,  which  changed 
as  violently  as  did  the  rays;  while  in  another  drawing  made  by 
Mr.  Oilman  the  whole  corona  is  furrowed  by  narrow  rifts  in  all 
regions  lying  between  violet,  mauve-coloured,  white,  and  yellowish 
white  rays ! 

Now,  what  have  we  bearing  on  this  point  in  the  recent  observa- 
tions? No  rift  was  seen  in  Sicily;  one  rift  was  recorded  by  the 
sketohers  in  S^in,  but  more  than  one  rift  was  photographed  in  both 
Vol.  VI.     (No.  55.)  x 
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placos.  Wo  mnst  remember,  howeyer,  in  thus  bringing  eTe-dcetcheB 
and  photographs  into  comparison,  first  that  the  eye  too  often  in  anch 
observations  retains  a  general  impression  of  the  whole  phenomenon, 
while  the  plate  records  the  phenomenon  as  it  existed  at  the  time  at 
which  it  was  exposed ;  and  secondly,  that  we  know  that  the  plates 
record  chemically,  while  the  eye  records  visually.  We  are  dealing 
with  two  different  kinds  of  light. 

I  will  show  you  two  photographs  on  the  screen.  Although  the 
lucid  intervals  were  very  rare,  we  were  fortunate  enough  to  get  one 
photograph  of  the  coronal  regions  in  Syracuse,  and  one  in  Spain. 
I  now  show  you  the  photograph  made  by  the  American  party  in 
Spain.  You  see  here  that,  probably  owing  to  a  cloud,  we  get  a  cer- 
tain amount  of  light  driven  on  to  the  d^k  moon,  and  you  also  see 
the  indications  of  the  rifts.  This  photograph  was  taken  with  an 
instrument  with  a  small  field  of  view,  so  that  the  most  important  parts 
of  the  corona  were  rendered  invisible  by  the  instrument  itself. 

Lord  Lindsay,  who  also  photographed  in  Spain,  recorded  no  rifts. 

In  the  other  photograph,  taken  at  Syracuse,  the  result  is  better. 
We  have  the  equivalent  of  the  rift  in  the  photograph  I  showed  you 
before.  The  instrument  was  extremely  unsteady,  and  the  definition 
not  so  good  as  it  would  have  been  if  Mr.  Brothers  had  had  a  good 
opportunity  of  displaying  his  skill.  We  get  other  fainter  indications 
of  other  rifts  here  and  there,  and  the  question  whether  these  rifts 
agree  in  the  photograph  taken  in  Spain  with  those  in  that  taken  in 
Syracuse  is  one  of  great  importance;  and  it  is  to  be  hoped  that 
before  long  it  will  bo  set  at  rest.  Some  observers  think  they  agree ; 
others  think  they  do  not. 

But  there  is  an  important  consideration  based  on  that  photo- 
graph, to  which  I  must  draw  your  particular  attention.  I  have  shown 
you  the  photograph  as  it  may  be  thrown  on  the  screen;  but  in  the 
photograph  itself  there  are  delicate  details  which  it  is  impossible 
to  reproduce.  The  dark  portions  in  the  corona  indicated  in  the 
copy  I  have  shown  you  are  merely  the  bases  of  so  many  dark  wedges 
driving  out  into  space,  like  their  prototypes  in  the  Indian  eclipse. 
It  is  Mr.  Brothers's  opinion,  I  believe,  that  all  you  see  on  the  screen 
round  the  dark  moon,  all  that  enormous  mass  of  light,  nearly  uniform 
in  texture,  and  these  beautiful  broad  rays  between  the  rifts  are  really 
and  absolutely  parts  of  the  solar  corona.  I  confess  I  do  not  vnsh  to 
commit  myself  to  such  an  opinion.  We  want  more  facts,  and  the  onti* 
prohandi  lies  with  those  who  insist  upon  that  view,  and  I  have  yet  to 
hear  an  explanation  of  them  on  that  basis. 

h. — The  Corona  sometimea  seems  to  he  Flickering  or  Rotating, 

We  now  come  to  the  next  point.  Time  out  of  mind,  that  is,  for  the 
last  two  centuries,  the  corona  has  been  observed  to  be  flickering, 
wavering,  or  rotating,  moving  in  every  conceivable  way  and  direction. 
In  1652  it  was  described  as  '*  a  pleasant  spectacle  of  rotatory  motion." 
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as  we  can,  by  placing  the  reflector  dose  to  the  imaginary  sim,  and 
send  it  through  this  magnificent  prism,  which  Mr.  Spottiswoode  has 
been  good  enough  to  place  at  our  disposal;  and  in  the  path  of  the 
beam  I  will  place  an  object  so  that  you  may  determine  whether  there 
is  polarized  light.  [Experiment.]  You  see  there  is  considerable 
brilliancy  in  tiiose  colours;  their  brilliancy  depending  upon  the 
amount  of  polarization. 

Now  if^  instead  of  having  our  reflector  close  to  our  imaginary  sun 
to  represent  a  particle  in  the  sun's  atmosphere,  we  place  it  near  the 
screen  to  represent  a  particle  in  our  own,  in  which  case  the  angle  is 
extremely  small,  the  brilliancy  of  the  colours  will  entirely  disappear. 
You  see  it  has  disappeared.  The  colours,  as  colours,  are  distin- 
guishable, but  their  brilliancy  has  gone. 

That  is  the  rationale  of  IJie  polariscopic  observations,  which  have 
been  made  on  the  occasion  of  the  last  eclipse  with  more  elaboration 
than  they  ever  were  before.  If  we  found  the  corona  to  be  strongly 
polarized,  this  was  held  to  be  a  great  argument  in  favour  of  the  corona 
being  a  real  solar  appendage,  an  argument  strengthened  if  the  polar- 
ization was  also  found  to  be  radial.  At  present,  however,  a  great  many 
of  the  observations  that  have  been  made  have  not  been  received,  and 
those  that  have  been  received  are  as  discordant  as  those  obtained  in 
former  eclipses,  and  therefore  my  account  is  an  imperfect  one,  because 
I  have  not  had  an  opportunity  of  discussing  all  these  observations. 
Indeed,  if  I  had,  I  should  hesitate  to  give  an  opinion  on  the  subject. 
When  Mr.  Carrington  saw  that  small  corona  in  1851,  and  Mr.  GiUiss 
saw  that  small  corona  in  1858,  neither  of  them  traced  any  polarization 
whatever ;  but  when  M.  Liais  saw  that  large  corona  in  1868  which  was 
invisible  to  Mr.  Gilliss,  he  in  his  turn  saw  an  immense  amount  of 
polarization,  which  led  him  to  believe  that  the  corona  was  solar,  the 
whole  of  it,  rays  and  everything  included,  and  that  we  had  an  indi- 
cation of  a  solar  atmosphere  two  or  three  times  higher  than  the  dia- 
meter of  the  sun ;  that  is,  an  atmosphere  two  or  three  millions  of  miles 
in  height.  This  observation  is  not  in  accordance  with  the  general 
conclusions  from  the  drawings  I  have  shown  you;  and  let  me  add 
that  the  assumption  of  reflexion  at  the  sun  is  not  without  its  diffi- 
culties, and  that  we  have  not  yet  traced  reflected  sunlight,  even  when 
the  strongest  polariscopic  effects  have  been  observed. 

m. — AlRT*S   AND   MaDLEB's   CONCLUSIONS   AS   THB   EeSULTS   OP   THE 

Pre-spectroscopic  Observations.. 

Before  passing  to  the  spectroscopic  observations  I  will  state  the 
conclusions  at  which  the  Astronomer  Eoyal  and  M.  Madler  arrived 
after  the  observations  of  1860  had  been  gathered  together. 

The  Astronomer  Eoyal,  in  a  lecture  delivered  before  the  British 
Association  at  Manchester  in  1861,  stated  that  the  assumption  of  an 
atmosphere  extending  to  the  moon  explained  the  observation  of  Planta- 
mour,  which  could,  he  thought,  be  explained  in  no  other  way,  and  he 
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minenco,  as  he  called  it  At  the  bottom  is  what  he  oonaidered  as  the 
speetmm  of  the  lower  portion  of  the  prominenoe,  while  in  the  higher 
portion,  where  we  get  fewer  lines,  as  he  considered,  is  the  spectrnm 
of  the  higher  portion  of  the  prominenoe ;  the  spectrmn  of  the  lower 
portion  contains  the  lines  B,  D,  £,  and  F,  and  some  other  lines,  in  all 
nine,  while  the  spectrmn  of  the  upper  part  of  the  prominence,  as  he 
thought  it,  only  contains  three  lines.  It  was  at  first  difficult  to 
account  for  these  observations.  In  the  first  place,  one  oould  not 
understand  the  line  B  being  given,  because  I  soon  found  that  the  line 
B  was  not  seen  as  a  bright  line  in  the  chromosphere  spectrum  ;  it  was 
clearly  the  line  C  that  was  intended.  Hence  doubt  was  thrown  on 
the  other  lines;  it  seemed  as  if  M.  Bayet  was  wrong  about  his 
elongated  lines  D,  E,  and  F,  and  probably  meant  0  near  D  and  F. 
And  so  it  was  explained — I  am  ashamed  to  say  by  myself — that  there 
was  no  particular  meaning  in  these  elongated  lines  except  that  the 
spectrum  of  the  prominence  some  distance  away  from,  the  son  was 
simpler  than  it  was  nearer  the  sun,  as  happens  in  all  prominences,  as 
we  may  now  determine  any  day  we  choose  to  look  at  the  sun  by 
means  of  the  spectroscope. 

Now  let  us  hear  Mr.  Pogson.  He  gave  a  diagram  showing  five 
lines  in  the  spectrum  of  what  he  thought  a  prominence,  and  he 
writes : — "  A  faint  light  was  seen  [in  the  spectroscope],  scarcely 
coloured,  and  certainly  free  from  either  dark  or  bright  lines.  While 
wondering  at  the  dreary  blank  before  me,  and  feeling  intensely  dis- 
appointed, some  bright  lines  came  gradually  into  view,  reached  a 
pretty  considerable  maximum  brilliancy,  and  again  faded  away.  Five 
of  these  lines  were  visible,  but  two  decidedly  superior  to  the  rest. 

The  readings  of  the  two  brightest  were  secured.     It  struck 

me  as  strange  that  these  brightest  lines  should  appear  at  a  part  of  the 
spectrum  not  corresponding  to  any  very  conspicuous  dark  lines  in  the 

solar  spectrum [Those  lines  are  a  little  less  refrangible  than 

E.]  The  thirtl  lino  seen  in  order  of  brilliancy  must  have  been  either 
coincident  with,  or  very  near  the  place  of  the  sodium  line  D,  but  it 
was  much  fiainter  than  the  two  measured,  while  the  fourth  and  fifth 
lines  were  extremely  faint."  [They  were  very  faint  and  doubled, 
and  near  F.  I  have  seen  F  give  way  to  a  double  line  in  our  hydrogen 
experiments,  though  I  am  not  prepared  to  say  this  is  an  explanation 
of  Mr.  Pogson's  observations.] 

The  fact  that  we  have  here  the  first  observations  of  the  spectrum 
of  the  suu's  corona  is  one  beyond  all  doubt ;  and  why  M.  Bayet  and 
Mr.  Pogson  thought  they  were  observing  prominences  when  they  were 
observing  above  them,  is  explained  by  a  remark  made  by  Captain  Tup- 
man,  of  the  Eoyal  Marine  Artillery,  who  acted  as  jackal  to  Professor 
Harkness,  and  i)icked  out  the  brighter  spots  of  the  corona  for  his  obser- 
vation. Professor  Ilnrkncss  observing  the  prominence  bright  lines,  said 
to  Captain  Tupnian,  '*  You  have  turned  the  telescope  on  to  a  prominenoe ; 
I  want  the  corona."  "  No,"  said  Captain  Tupman,  **  I  am  giving  you 
the  corona  as  well  as  I  can."     It  was  certainly  the  corona  in  both 
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Lord  LiucLsay  tells  me  ho  has  a  distinct  indication,  written  by  the 
sun  himself,  that  in  one  particnlar  part  of  the  chromosphere,  as 
recorded  photographically  in  Spain,  there  were  three  sndi  layers. 
And  over  and  over  again  we  find  recorded  white  light  close  to  the  son, 
then  red  alone,  or  red  mixed  with  yellow,  then  violet,  and  lastly  green. 
And  M.  Madler  remarks  on  this  very  admirably,  *'  The  violet  band  is 
the  link  between  the  prominences  and  the  corona." 

Before  going  farther,  I  will  show  yon  the  difference  in  the  ap- 
pearance of  what  we  may  term  hot  hydrogen  and  cold  hydrogen,  that 
is,  hydrogen  which  we  drive  into  different  degrees  of  incandescence  by 
means  of  the  spark.  After  Dr.  Frankland  and  myself  were  able  to 
determine  that  the  pressure  in  these  solar  regions  was  small,  we  came 
to  the  conclusion,  that  outside  the  hot  hydrogen  there  must  be  some 
cooler  hydrogen,  in  order  that  the  phenomena  we  observed,  both  in  the 
laboratory  and  in  the  observatory,  should  agree. 

I  have  in  this  tube  hydrogen  at  a  certain  pressure,  and  here  we  have 
a  coil  which  will  enable  us  to  send  a  spark  through  it ;  you  see  we  get 
a  certain  amoiiut  of  redness  in  that  tube,  and  if  you  look  on  one  side  or 
above  you  will  see  a  sort  of  bluish-greenish  light.  Now  that  redness 
represents  the  condition  of  the  hydrogen  in  the  region  of  the  sun  where 
Dr.  Schmidt  gave  us  that  extremely  thin  red  ring,  and  the  combination 
of  the  blue  and  red  would  give  you  something  very  like  violet. 

But  here  I  have  hydrogen  under  a  different  condition.  In  the  tube 
its  rareness  is  uot  excessive ;  but  in  this  globe,  of  which  I  am  about  to 
speak,  you  have  the  nearest  approach  to  a  vacuum  ever  obtained  through 
which  a  spark  will  pass ;  and  I  beg  to  call  your  attention  to  what  will 
now  happen.  This  globe  contains  the  same  chemical  element,  prepared 
at  the  same  time  as  the  chemical  element  you  have  in  the  tube,  but 
you  see  that,  so  far  as  colour  goes,  we  have  something  perfectly  dif- 
ferent in  this  case.  Now  we  send  the  spark  through  it.  I  would  beg 
Professor  Tyndall,  if  ho  will  be  good  enough,  to  observe  the  spectrum 
of  this  hydrogen  in  this  globe.  [Professor  Tyndall  did  so.]  You  will 
see  that  there  is  one  line  *?  [Professor  Tyndall,  Yes.]  And  a  con- 
tinuous spectrum  ?  [Professor  Tyndall.  And  a  continuous  spectrum.] 
Cool  hydrogen  gives  us  only  the  bright  line  F,  plus  a  continuous 
spectrum,  and  many  of  you  will  know  the  extreme  importance  of  that  , 
observation.  It  accounts  for  the  F  line  being  observed  without  the 
C  line  in  1868  and  lost  year,  and  also  for  the  continuous  spectrum 
observed  in  the  Indian  eclipse. 

c. — The  American  Eclipse. 

When  wo  conic  from  the  Indian  to  the  American  eclipse  with  the  con- 
siderations to  which  I  have  drawn  your  attention,  namely,  the  existence 
of  these  different  layers  due  to  the  different  elements  and  conditions  of 
the  same  element  thinning  out,  we  shall  see  the  extreme  importance 
of  the  American  observations,  for  they  establish  the  fact  that  outside 
the  hydrogen  layer  there  was  a  layer  giving  only  a  line  in  the  green, 
the  line  which  Riiyet  and  Pogson  had  observed  associated  with  the 
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observation  of  Rayet,  and  the  equally  long-neglected  observation  of 
Pogson  ;  and  we  know  that  ontside  the  hydrogen  there  is,  in  all  pro- 
bability, a  new  element  existing  in  a  state  of  almost  infinite  tenuity. 
And  we  are  sure  of  the  existence  of  cool  hydrogen  above  the  hot 
hydrogen,  a  fsust  which  seemed  to  be  negatived  by  &e  eclipse  of  1869. 

I  think  if  we  had  merely  determined  that  there  was  this  cool 
hydrogen,  all  our  labour  would  not  have  been  in  vain,  as  it  shows  the 
rapid  reduction  of  temperature ;  but  there  is  more  behind.  I  told  yon 
that  M.  Madler,  in  summing  up  the  observations  made  up  to  1860, 
came  to  the  conclusion  that  part  of  the  corona  was  certainly  solar,  and 
that  whether  the  outer  portions  were  or  were  not  solar,  was  a  matter 
of  doubt.  I  do  not  say  that  we  have  settled  that  absolutely,  but  we 
have  firm  evidence  that  some  of  the  light  of  the  corona  is  due  to 
reflexion  between  the  earth  and  the  moon.  The  outer  corona  was 
observed  to  have  a  rosy  tinge  over  the  prominences,  and  the  spectrum 
of  the  prominences  was  detected  many  minutes  above  them,  as  well  as 
on  the  dark  moon.  It  could  not  have  got  this  colour  at  the  tun,  for  its 
intrinsic  colour  is  green,  and  the  red  light  of  the  hydrogen  supplied  at 
the  sun  is  abolished  altogether,  is  absorbed,  and  cail  only  reach  the 
corona  at  the  eun,  so  to  speak,  as  dark  light. 

It  is  a  great  fact  that  wo  are  sure,  as  far  as  observation  can  make 
us  sure,  that  there  is  a  glare  round  the  hydrogen  which  gives  us  the 
spectrum  of  hot  hydrogen  on  the  corona,  where  we  know  that  hot 
hydrogen  does  not  exist,  Assimie  the  hot  hydrogen  which  gives  us  the 
red  light  to  be  only  two  minutes  high,  the  spectroscope  has  picked  it 
up  eight  minutes  from  the  sun  I  The  region  of  cool  hydrogen  is 
exaggerated  in  the  same  way.  We  get  it  whore  there  is  no  indication 
of  the  cool  hydrogen  existing.  And  then  with  regard  to  the  element 
which  gives  us  the  line  of  the  green,  we  get  that  twenty  minutes  or 
twenty-five  minutes  away  from  the  sun.  Well,  no  man  who  knows 
anything  about  the  matter  will  affirm  that  it  is  certain  that  the 
element  exists  at  that  distance  from  the  sun. 

Therefore  I  think  we  have  absolutely  established  the  fact  that  as 
the  sun — the  uncclipsed  sun — gives  us  a  glare  roimd  it,  so  each  layer 
of  the  chromosphere  gives  us  a  glare  round  it.  That  is  exactly  what 
was  to  bo  expected,  and  that  it  is  true  is  proved  by  the  observation 
— a  most  important  observation  made  in  Spain  —  that  the  air,  the 
cloud,  over  between  us  and  the  dark  moon,  gives  us  the  same  spectrum 
that  we  get  from  the  prominences  themselves. 

Given,  liowevor,  the  layers  and  elements  in  the  chromosphere 
extended  as  far  as  you  will,  and  apparently  increased  or  not  by  reflexion 
not  at  the  suji,  we  have  still  to  account  for  rays,  rifts,  and  the  like. 
If  anyone  will  explain  either  Mr.  Brothers's  photograph  or  Mr. 
Oilman's  picture  of  the  eclipse  of  1869,  containing  those  dark  bands 
starting  fr  )m  the  moon  and  fading  away  into  space,  and  the  bright 
variously-coloured  rays  between  them  on  any  solar  theory,  he  will 
render  great  service  to  science.  But  in  the  meantime  I  muwt  fall  back 
u|>on  M.  Miidler  s  opinion  of  18G0,  with  the  addition  to  it  that  I  have 
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proved  that  some  part  is  fum-aolar^  while  for  the  nndonbted  solar 
portion  the  term  Chromosphere — ^e  bright-line  region — as  it  was 
defined  in  this  theatre  now  two  years  ago,  exactly  expresses  its 
characteristic  features,  and  differentiates  it  from  the  photosphere  and 
the  associated  portion  of  the  solar  atmosphere. 

Here  my  discourse  would  end,  if  it  were  not  incumbent  on  me  to 
state  how  grateful  I  feel  to  Her  Majesty's  Groyemment  for  giving  us 
the  opportunity  of  going  to  the  eclipse ;  to  place  on  record  the  pleasure 
we  all  folt  in  being  so  closely  associated  in  our  work  with  the  distin- 
guished American  astronomers  who  from  first  to  last  aided  us  greatly ; 
and  to  express  our  great  gratitude  to  all  sorts  of  new  friends  whom  we 
found  wherever  we  went,  and  who  welcomed  us  as  if  they  had  known 
us  from  our  childhood. 

[J.  N.  L.] 
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Besearches  " : — 

T.  Williams  Helps,  Esq.  (6^  Dono/um) £10 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 


FROM 

AgricuUuraX  Society  of  England^  Royalr—^o.  13.     8vo.    1871. 
American  Philosophical  Society — Proceedings,  No.  80.    8yo.     1870. 
Antiqtiaries,  Society  o/— ArchsBologia,  Vol.  XLIII.  Part  1.     4to.     1871. 
Adronomieal  Society ^  i?oj/o/— Proceedings,  Vol.  XXXI.    No.  4.     1871. 
Benson^  W,  Esq.  (the  AiUttor) — Principles  of  the  Science  of  Colour.    4to.     1868. 

Manual  of  the  Science  of  Colour.     12ma    1871. 
British  Architects,  Royal  InstituU  o/— Sessional  Papers,  1870-1,  No.  5.    4to. 
Chemical  Society — Journal  for  March,  1871.    8vo. 

Comitato  Geologico  d'ltalia — Bollettini.     1871.    Nos.  1,  2.    8vo.    Firenze. 
Editors — Academy  for  March,  1871.    4to. 

American  Journal  of  Science,  Feb.  1871.    8vo. 

Artizan  for  March,  1871.    4to. 

Athenaeum  for  March,  1871.    4ta 

Chemical  News  for  March,  1871.    4to. 

Engineer  for  March ^  1871.    fol. 

Horological  Journal  for  March,  1871.    8yo. 

Journal  of  Gas-Lighting  for  March,  1871.    4to. 

Mechanics*  Magazine  for  March,  1871.    8vo. 

Nature  for  March,  1871.    4to. 

Pharmaceutical  Journal  for  March,  1871.    8yo. 

Photographic  News  for  March,  1871.    4to. 

i>cientific  Review  for  March,  1871.    fol. 
Grove,  W.  R.  Esq,  Q.C.  F.RJ3.  M,R.L   {the  Authory—Die  Verwandschaft  der 
Naturkrafte,  von  Dr.  W.  B.  Grove :  herausgegeben  durch  £.  von  Schraper  : 
mit  einem  Anhang  von  R.  Clausius.    8vo.     Braunschweig.     1871. 
Meteorological  Office — Barometrical  Manual.    8vo.    1871. 
Meteorological  Society — ^Proceedings,  No.  52.    8va     1871. 
Photographic  Society— J oumal.  No.  223.     8vo.     1871. 
Royal  Society  of  London — Proceedings,  No.  126.    8vo.    1871. 
Symons,   G.  J.  Esq.  (the  Author) — Symons'  Monthly  Meteorological  Magazine^ 
Maroh,  1871.    8vo. 

Symons'  British  Rainfall,  1870.    8vo.     1871, 
Vereins  zur  Befdrderung  de»  Gewerhfleiiset  in  Prtunen — ^Verhandlungen,   Sept- 

Dez.  1870.     4to. 
Victoria  Institute— ^owmsX,  No.  17.    8vo.    1871.    Title,  &c  to  Vol.  IV. 
Willis,  M.  A.  'the  Auihorees,  wife  of  Rev.  R.  WiUis.-^hori  Sketch  about  Washing 
Linen,  and  other  Tracts.     I6ma    1869-71. 


302  Professor  Blackie  [April  21, 


WEEKLY  EVENING  MEETING, 

Friday,  April  21, 1871. 

Warren  db  la  Bub,  Esq.  LL.D.  F.R.S.  Yioe-President, 
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PaoFKssoB  Blaokdb,  F.ILS.E. 
On  the  pr<hSocratie  PhUosophif, 

Thb  history  of  origins  is  always  interesting  and  generally  obsonre ; 
but  in  the  case  of  the  early  Greek  philosophy  a  sniBKcient  number  of 
fragments  has  been  saved  from  the  wreck  of  tradition  to  enable  us  to 
have  a  clear  view  of  the  salient  doctrines  of  the  pre-Socratic  thinkers, 
though  not  certainly  an  accurate  knowledge  of  the  complete  organism 
of  their  speculation.  The  pre-Homerio  poetry  of  Greece,  of  the 
existence  of  which  in  rich  abundance  there  can  be  little  doubt,  can 
be  separated  from  the  new  organism  into  whi«h  it  was  worked  by  the 
genius  of  Homer,  only  by  a  process  more  or  less  conjectural  and 
slippery ;  but  on  some  of  the  most  interesting  and  significant  utter- 
ances of  the  school  of  Greek  thinkers  who  flourished  in  Asia  Minor, 
Magna  Grecia,  and  SicUy  for  the  century  and  a  half  that  preceded 
Socrates,  we  are  able  to  lay  our  fingers  with  as  much  certainty  as  on 
the  discourses  of  Socrates  himself  reported  by  the  pious  discipleship 
of  Xenophon ;  and  the  fragments  which  two  hundred  years  ago  lay 
scattered  and  untested,  have  in  recent  times  been  so  laboriously  col- 
lected, critically  sifted,  and  organically  arranged  by  the  diligent, 
intelligent,  and  sober-minded  workers  of  erudite  Grermany,  that  it 
is  in  the  power  of  every  fairly  equipped  scholar  to  re-create,  in  a  more 
or  less  complete  form,  the  main  features  of  pre-Socratic  speculation. 
With  the  aid  of  the  learned  works  of  Preller,  Earsten,  Zeller,*  to 
give  a  rounded  completeness  to  the  information  on  this  subject  which 
we  gather  from  Aristotle,  Plato,  Eusebius,  Hippolytus,  Clemens, 
Plutarch,  and  StobaDus,  I  have  set  myself  to  present  in  one  broad 
view  whatever  of  most  general  human  significance  and  scientific  in- 
terest seemed  to  shine  clearly  out  from  these  early  speculations ;  and 
the  result  of  my  labours  is  the  bird's  eye  of  pine-Socratic  thinking 
which  the  present  discourse  contains. 

♦  Karsten:  *  Philosoph.  GrsBC.  Vet.  Reliq.'  Braxellos,  1830.  Ritter  et  Preller : 
*  Hidtoria  Philofl.  Graec.  Rom.'  Goth®,  1869.  Zeller  :•  Geachichte  der  Griechischen 
Philosophie.* 
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coald  not  avoid  making  human  life,  and  the  laws  of  die  social  organism, 
one  of  their  principal  studies.  The  social  world,  in  fact,  could  no 
more  exist  without  moral  philosophy  in  some  shape  or  other,  than  the 
physical  world  could  grow  and  blossom  without  the  sun ;  and  the  mis- 
sion of  Socrates,  therefore,  was  not  so  much  to  create  a  moral  philo- 
sophy which  had  never  existed  before,  as  (1),  to  protest  against  a  habit 
of  physico-metaphysical  speculation,  which  wasted  itself  in  vague 
conjectures,  and  which  in  the  then  state  of  scientific  observation  oould 
lead  to  no  practical  result  (Xen.  Mem.  i.  14,  15);  and  (2),  by 
puttihg  the  weapons  of  an  exact  logic  into  the  hands  of  thinking  men, 
to  teach  them  how  to  vanquish  scepticism  on  its  own  battle-field,  and 
to  plant  morals,  as  practical  reason,  on  the  high  vantage  ground  of  a 
demonstrative  science.  This  characteristically  Greek  tendency  to 
identify  morals  with  reason,  and  right  action  with  true  thinking, 
appears  equally  in  Xenophon's  dialogic  reminiscences,  and  in  Plato's 
argumentative  dialogues,  as  the  characteristic  feature  of  the  Socratic 
philosophy ;  and  the  scientific  control  of  morals  by  logic  is  a  pecu- 
liarity marked  enough  to  draw  a  strong  line  of  distinction  between 
the  gnomic  morality  which  inspired  Homer  and  Hesiod  no  less  than 
Pythagoras,  and  the  systematically-built-up  ethics  of  which  Socrates 
and  Plato  were  the  architects. 

In  making  a  rapid  summation  of  the  results  of  the  pre-Socratic 
thinkers,  I  shall  divide  them,  according  to  what  appear  their  most 
distinctive  characters,  into  three  classes :  the  hylozoists,  the  atomists, 
and  the  metaphysical  or  theological  philosophers. 

I.  By  the  Hylozoists  1  understand  those  philosophers  who  found 
the  dpxv  ^^  ^^^  principle  of  things  in  some  external,  objective,  visible, 
tangible,  material  element ;  and  yet  they  wore  not  materialists  in  the 
popular  sense  of  the  word  at  all ;  for  they  knew  nothing  of,  and  could 
scarcely  have  considered  that  idea,  so  familiar  to  us,  of  a  dead  matter 
as  opposed  to  mind.  With  them  all  Nature  was  conceived  as  essen- 
tially alive ;  "  all  things,"  as  Thales  said,  "  are  full  of  gods  "  (Biog. 
Laert.  i.  27) ;  hence  the  technical  term  hylozoism,  or  vitalized 
matter.  With  this  class  of  thinkers  all  matter  was  conceived  of  as 
permeated  and  interfused  and  moulded  by  a  divine  and  reasonable 
power  felt  to  be  everywhere  present,  but  spoken  of  only  and  mainly 
under  some  favourite  bodily  presentation.  What  the  orthodox  Bomanist 
believes  to  have  taken  place  by  a  special  miracle  through  sacerdotal 
agency  in  the  elements  of  bread  and  wine  consecrated  in  the  Mass, 
this  the  Hellenic  bylozoist  believed  constantly  to  take  place  every- 
where by  the  eternal  miracle  of  Nature,  and  specially  to  be  manifested 
in  the  element  which  he  looked  upon  as  most  entitled  to  the  dignity 
of  dpxVi  ^^  original  principle.  The  names  which  fall  under  this  first 
class  are  five,  I'iz.  Thales,  Anaximander,  Anaximenes,  Heraclitus, 
Empedocles. 

Of  all  these  the  most  popularly  known  is  Thales  ;  though,  so  far 
as  speculative  significance  is  concerned,  his  name  is  to  us  certainly 
not  the  most  interesting.     Tlie  familiarity  of  his  name  to  our  modem 
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visible,  nor  tangible,  nor  cognoscible  by  human  sensee  in  their  ordi- 
nary action.  The  u^sipov  was  conceiyed  as  a  sort  of  indeterminate 
basis  of  all  existence,-^mething,  perhaps,  like  the  protoplasm  of  a 
distinguished  living  physiologist,  containing  the  possibilities  of  all 
that  may  bo,  but  tho  reality  of  nothing  that  is ;  an  element  neither 
water,  nor  air,  nor  earth,  nor  fire,  but  a  common  matrix  out  of  which 
they  are  developed  by  a  process  of  internal  diffarentiation.  The  only 
value  of  this  Anaximandrian  notion  seems  to  lie  not  certainly  in  any 
reality  which  can  bo  proved  to  belong  to  it,  but  rather  in  the  truly 
philosophical  principle  that  it  involves,  that  things  are  not  what  they 
seem,  and  that  what  the  superficial  observer  calls  different  things,  are, 
when  nicely  looked  into,  often  only  different  states  of  the  same  thing. 
What  profound  truth  lies  in  this  view  the  firequent  presentation  under 
the  appliances  of  modem  chemistry  of  the  same  body  tmder  the  liquid, 
gaseous,  and  solid  forms,  most  amply  demonstrates.  Beyond  this,  the 
fragments  of  Anaximandrian  speculation  possess  nothing  to  interest 
tho  modern  thinker ;  except  only  we  must  by  no  means  omit  to  mention 
his  singular  anticipation  of  the  Darwinian  theory  of  the  descent  of 
man  by  a  process  of  development  from  the  inferior  animals.  This 
doctrine  is  distinctly  stated  as  belonging  to  Anaximander  by  Hip- 
polytus  (Ref.  Hcer,,  i.  6),  and  by  Pluturch  in  various  places,  in  words 
as  wo  shall  now  translate  them. 

*'  Anaximander  says  that  the  first  animals  were  generated  in  the 
liquid  element,  and  were  enclosed  in  certain  thin  pricMy  rinds  or  skins ; 
that  as  thoy  grew  tkoy  became  more  and  more  consolidated,  till  at 
length  the  shell  bursting,  they  came  out  into  a  different  form  of  life." 
(Plac,  Phil.  v.  19.) 

"  Anaximander  says  that  man  originally  was  bom  (developed)  out 
of  different  animals ;  for  that,  while  other  animals,  the  moment  they 
are  bom,  know  how  to  help  themselves  and  procure  food,  man  alone 
requires  a  long  nursing;  and  being  such  as  he  now  is,  could  not 
possibly  have  had  his  life  preserved  in  the  earliest  stages."  (Apud 
Euseb.,  Praepar.  Evang.,  i.  8.) 

"  Anaximander  declares  that  man  originally  had  his  existence  as 
a  sort  of  FISH  among  fishes,  and  that  being  nursed  in  a  soft  element, 
like  creatures  that  live  in  the  mud,  he  by  degrees  became  strong 
enough  to  help  himself,  and  being  cast  out  from  his  original  slimy 
homo,  took  tlie  dry  land,  and  became  a  terrestrial  animal."  {Quoesi. 
Sympos.,  viiL  4.) 

This  theory,  indeed,  which  has  so  strangely  startled  us  modems, 
was  quite  familiar  to  the  Greeks,  and  appears  in  the  well-known 
account  of  the  Egyptian  frogs  crawling,  half-released,  from  the  sUme 
of  the  Nile  (jElian,  V.  H.),  and  in  not  a  few  other  quarters.  In 
modem  times,  also.  Lord  Monboddo  was  not  singular  in  directing 
attention  to  the  probable  indications  of  an  original  caudal  appendage 
in  man;  a  French  writer  before  him  had  expatiated  largely  on  the 
evidence  for  this  fact,  and  for  that  other  yet  more  remarkable  one, 
that  the  sea  had  at  one  time  possessed  the  whole  dry  land — at  which 
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period  man,  according  to  Anaximander's  idea,  was  certainly  a  fish, 
and  could,  indeed,  have  existed  in  no  other  form.* 

Anaximencs,  the  next  link  in  this  Milesian  chain,  need  not  detain 
ns.  By  laying  down  the  proposition  that  air,  not  trover,  was  the 
dppCVy  ^^^  thinker  certainly  made  a  step  in  advance ;  for  air  is  cer- 
tainly fluidity  in  its  most  perfect  form :  a  form  also  of  more  subtle 
penetrative  power  than  water — of  more  universal  diffusiveness,  and 
more  essentially  connected  with  all  forms  of  vitality.  But  beyond 
this  wo  find  noting  in  his  doctrine  of  any  peculiar  significance.  Far 
otherwise  is  the  case  with  the  next  representative  of  this  school — 
Hcraclitus.  He  was  a  native  of  Ephesus ;  and  from  the  manner  in 
which  he  is  constantly  spoken  of  by  the  greatest  of  the  ancients,  it  is 
easy  to  gather  that  as  a  thinker  he  peers  high  above  his  Ionic  brethren ; 
and  disputes  with  Pythagoras  and  Parmenides  the  claim  to  being  the 
most  important  name  in  the  development  of  Greek  speculation  previous 
to  Plato.  The  surname  of  ax,orsiv6s,  or  "the  obscure,**  which  he 
received  from  the  Greeks,  may  have  arisen  partly  from  an  onginal 
moodiness  of  disposition,  partly  from  a  fondness  for  the  old  poetic 
and  figurative  style  in  philosophizing,  but  partly,  no  doubt,  also 
fix)m  the  real  profundity  of  his  cogitations.  He  evidently  went 
with  a  decided  preference  into  regions  where  darkness  more  or  less 
visible  must  always  be  the  best  light  which  finite  minds  are  capable 
of  receiving.  The  most  distinctive  and  suggestive  of  his  dogmas  are 
the  following : — 

(1)  His  doctrine  that  wvp,  or  fibe,  is  the  "/'%i},  is  a  very  decided 
step  in  advance  both  of  Thales  and  Anaximenes ;  for  chemistry  has 
now  taught  us  by  many  curious  processes,  what  appears  no  doubt 
broadly  on  the  general  face  of  Nature,  that  heat  is  the  power  to  the 
action  of  which  both  water  and  air  owe  their  existence.  Take  away 
heat  from  water  and  it  becomes  ice ;  take  away  heat,  and  the  expan- 
siveuess  caused  by  heat,  from  a  gas,  and  under  the  influence  of  strong 
pressure  it  becomes  liquid.  Heraclitus  therefore  proceeded  by  a  true 
process  of  induction  when  he  put  his  finger  on  heat  as  that  conmion 
principle  which,  by  producing  fluidity,  makes  life  possible. 

(2)  But  this  fire  or  heat  is  nothing  of  a  merely  material  kind,  like 
the  caloric,  or  matter  of  heat,  of  which  our  captains  of  physical 
science  were  once  fond  of  talking.  The  fire  of  Heraclitus  is  a  reasonable 
or  rational  heat ;  it  is  inspired  by  a  \6yo$  ;  it  is  <f>p6y<]bioy  and  4>pey^pc^ 
(HipiK)].,  ix.  10.  Sext.  Empir.  adv.  Math.y  vii.  127);  it  works  by  a 
divine  necessity,  which  is  the  cause  of  order  and  law  in  the  universe, 
and  on  which  the  validity  and  stability  of  all  human  laws  ultimately 
depend.  Mind  and  Reason,  indeed,  are  diffused  everywhere  in  the 
universe,  and  are  the  common  elements  in  virtut/  of  which  a  har- 
monious and  coherent  whole  is  rendered  possible.  "'Huxoy  *<m  ^raia-i  ro 
<{*rovf7v  rit6<^^jvrai  ycip  tfaiyres  ol  dyS^fcu^ivoi  yOfJLOi  vtco   |vo^   tou   fifOW 


*  *  Telliamed ;  or,  Disooanes  between  an  Indian  Philosopher  and  a  French 
Missionary ;'  from  the  French  of  Ds  Maillit.    London :  1750. 
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xparcet  yip  rotrovrov  oxoVov  iScXft,  xa)  s^apxiei  vaci  xaJ  Ttepiyiyvsrau, 
(Stob.,  Scrm.  iii.  84.)  To  a  modern  oar  this  doctzine  maj  probably 
sound  very  like  Pantheism ;  and  no  doubt  it  is  Pantheism,  bat  a  sort 
of  Pantheism  by  no  means  like  some  of  our  modem  PantAieisma,  fall 
cousins  to  Atheism.  It  is  rather  like  the  Pantheism  of  Spinoza, 
which,  if  it  is  to  receive  a  peculiar  name,  ought,  according  to  Hegel, 
rather  to  be  called  Acosmism  than  Atheism,  It  annihilates  the  world 
by  concentrating  all  the  significance  of  the  term  existence  in  the  idea 
of  God. 

(3)  The  divine  rational  energy,  called  ntXfp,  is  essentially  self- 
motive,  and  never  at  rest.  Ilavra  pel — aU  things  are  in  a  perpetual 
flux,  so  that  a  flowing  river  is  the  most  proper  type  of  universal  exist- 
ence.    (Plato,  Crat.  402a). 

*'  Nothing  to  hcid  itsdf  it  gtrong. 
But  aU  things,  like  a  river, 
Whirl  along  and  swirl  along. 
And  bubble  along  for  ever/* 

(4)  But,  though  the  motion  of  existence  in  the  cosmos  is  shapdess 
and  ceaseless,  it  is  iu  one  important  respect  not  like  the  course  of  a 
river ;  it  is  not  a  motion  directly  forward  and  onward ;  but  it  is  a 
motion  forward  and  backward,  with  recurrent  strokes  like  the  vibra- 
tions of  the  string  of  a  lyre  or  a  bow.*  This  implies  a  sort  of  self- 
contradiction  inherent  in  the  very  nature  of  things.  Life  is  mani- 
fested by  the  assertion  of  contraries:  health,  beauty,  truth,  and 
rightness  of  all  kinds  consist  in  a  balance  of  opposites.  This  doc- 
trine Heraclitus  felt  so  strongly,  that  he  did  not  hesitate  to  say  that 
TToAeaov  elvai  itxrepoL  xcrj  /Sao-iXe'a  xal  xvfJiov  iravrajv  (Pint.,  Is.  Osir.  48) 
"  War  is  the  father,  and  king,  and  lord  of  all  things ; "  and  in  putting 
forth  this,  to  us  strange  sentiment,  he  no  doubt  in  somewise  antici- 
pated the  famous  maxim  of  Spinoza,  adopted  by  Hegel — Omnis 
affirmalio  est  negatio, 

(5)  Heraclitus  further  taught  that  at  the  bottom  of  this  constant 
vicissitude,  which  we  call  life  and  the  world,  there  is  a  something 
which  never  changes — an  absolute  sameness  in  the  midst  of  relative 
otherness ;  so  that  what  we  call  death  is  really  only  another  form  of 
life ;  and  the  life  of  any  one  thing  always  grows  out  of  the  death 
of  some  other  thing.l  This  side  of  his  speculations,  if  carried  out, 
might  have  formed  the  basis  for  a  doctrine  of  permanency,  which  would 
have  been  the  natural  and  proper  counterpoise  to  the  sensuous  scepti- 
cism that  was  only  too  easily  deduced  from  his  favourite  doctrine  of 
flux ;  but  it  was  reserved  for  the  philosophers  of  the  abstract  and  strictly 
metaphysical  school  to  give  due  emphasis  to  this  essential  element  of 
the  Cosmos. 

The  fifth  and  last  doctor  of  this  class  was  Empedocles  of  Agri- 


*  Tldkivrovos  apfiovlri  K6(rfiov  ZKcotrirtp  \vpris  Koi  r6^ov.     Plut.  Is.  Osir.,  45. 
t  'OShs  &y<i>  Koi  Kdrw  filri  Koi  &vTif.     Hippol.  ix.,  10. 
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mander  the  glory  or  the  folly,  as  it  may  tnm  out,  of  the  deyelopment 
theory  of  animal  life,  bo  attractively  put  forward  by  Darwiiu 

11.  Of  the  second  great  class  of  the  pre-Sooratic  philosophera  the 
distinguished  head  was  Dcmocritus  of  Abdera.  He  was  the  greatest 
nataridist  and  traveller,  and  the  most  encydopfedio  man  of  his  day — 
a  sort  of  Humboldt  of  the  fifth  century  b.o.,  and  a  precursor  of  Aris- 
totle ;  and  it  is  as  a  man  of  science  and  universal  knowledge  rather 
than  as  a  philosopher  that  he  must  take  rank  in  the  history  of  intel- 
lect. The  doctrine  of  atoms  which  he  originated  has  no  doubt  a 
certain  philosophical  value,  though  assuredly  not  a  very  profound  one ; 
for  it  is  easy  to  see  that  all  composite  masses  can  be  broken  down, 
dissipated,  and  resolved  into  certain  infinitesimally  small  atoms  or 
molecules,  which  must  be  regarded  as  their  ultimate  elements.  But 
when  the  sage  of  Abdora,  by  adding  to  this  primitive  material  &ct  the 
idea  of  mere  force,  conceived  himself  to  have  given  an  explanation  of 
the  curious  structure  of  the  reasoned  system  of  things  which  we  call 
the  cosmos,  he  manifestly  did  not  advance,  but  rather  made  a  great 
step  back\^^uxl  in  the  physico-metaphysical  speculation  of  his  pre- 
decessors. They  had  always  explicitly  or  implicitly  asserted  the 
presence  of  an  indwelling  \oy0s9  or  reason,  as  the  soul  of  the  world : 
this  was  a  living  and  a  dynamical  conception,  which  contained,  with- 
out attempting  to  explain,  the  great  mystery  of  a  miraculous  divine 
centre  of  existence ;  but  they  never  attempted  mechanically  to  constmot 
the  universe  out  of  mere  variously-formed  atoms,  brought  together  by 
blind  forces  and  fortuitous  collisions.  The  philosophy  of  Dcmocritus 
is  in  fact  pure  Atheism — that  is,  pure  nothingness  and  nonsense ;  for 
a  reasonable  world  can  never  be  conceived  as  the  possible  result  of  an 
unreasonable  cause.  If  the  maundering  of  a  madhouse  were  to  go  on 
to  all  eternity,  it  could  never  produce  sanity ;  if  the  babblement  of  a 
host  of  children  were  to  go  to  infinity,  it  could  never  stumble  into 
the  demonstration  of  a  single  proposition  in  Euclid ;  and  so  evident 
is  this  that  one  cannot  but  feel  seriously  inclined  to  doubt  whether, 
after  all,  Dcmocritus,  had  we  been  able  to  submit  him  to  a  cross- 
examination,  would  liavo  pleaded  guilty  to  the  inanity  of  the  Epi- 
curean Atheism  of  which  he  stands  historically  as  the  father.  Cer- 
tainly with  regard  to  Protagoras,  Diagoras,  and  a  few  other  Greeks  of 
this  period,  who  are  said  to  have  professed  open  Atheism,  it  never 
can  be  proved  that  in  their  negation  of  all  theology  they  meiLnt  to  do 
more  than  protest  against  the  existence  of  such  superhuman  beings  as 
the  anthromorphic  gods,  which  they  found  as  objects  of  popular 
worship  in  their  own  country;  and  the  writings  of  some  modem 
speculators,  such  as  David  Ilume,  teach  us  to  believe  that  a  subtle 
thinker  may  puzzle  himself  in  theory  with  arguments  tending  to  sap 
the  belief  in  a  reasonable  Cause,  and  yet  refuse  to  acknowledge  the 
consequences  of  his  argrunent  when  it  lands  him  in  the  positive 
profession  of  blank  Atheism.  But  however  this  be,  the  thinker  who 
constructs  a  theory  of  Natm-e  without  God  can  have  no  pretensions  to 
the  name  of  philosopher;   the  very  fact  of  his  ignoring  the  only 
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but  animals  haye  no  calcnlation ;  the  cleverest  monkey  is  much  &rther 
remoYod  from  the  comprehension  of  the  simplest  arithmetical  proposi- 
tion than  the  stupidest  man,  for  the  one  is  separated  by  a  gap,  the 
other  removed  only  by  a  step  or  steps  from  all  abstrsict  notions.  It 
is  plain  therefore  that  by  asserting  number  as  the  a/?%^,  Pythagoras 
was  only  defining  the  method  of  operation  of  Mind,  or  Xo/o; ;  and 
what  he  called  Number  was  only  another  name  for  what  oar  modem 
mea  of  physical  science  call  Law.  For  that  law  is  altogether  a  matter 
of  calculation  any  one  may  see  in  the  constant  practice  of  mechanical 
philosophers,  astronomers,  and  chemists ;  the  laws  of  nature  are  only 
the  regularly  acting  forces  of  nature ;  and  all  regularly  acting  forces 
are  necessarily  eil£cr  directly  or  indirectly  the  product  of  mind ;  as 
a  steam  engine,  for  instance,  however  often  multiplied,  is  always  and 
everywhere  the  product  of  the  calculating  intellect  of  James  Watt, 
propagated  and  perpetuated  through  countless  imitators.  In  assigning 
this  lugh  position  to  the  mathematical  element  in  the  constitution  of 
the  universe,  Pythagoras  certainly  deserves  to  be  reverenced  as  the 
great  prophet  and  anticipator  of  our  modem  scientific  processes;  what 
he  demonstrated  with  a  fine  preference  in  the  case  of  the  musical 
scale,  is  now  demonstrated  in  everything ;  not  only  the  motions  of  the 
stars  and  the  arrangement  of  leaves  in  plants,  but  the  very  winds  and 
storms  are  made  the  subjects  of  calculations.  Unless  indeed  it  be  in 
the  flow  of  emotion,  the  flash  of  wit,  the  play  of  fancy,  and  the  fervour 
of  passion,  it  is  difficult  to  find  now  a  domain  that  can  boast  its  free- 
dom from  the  wide  control  of  calculated  Number. 

As  in  reference  to  the  mundane  system,  the  Pythagorean  assertion 
of  dpiSfjios  necessarily  implied  the  imity  of  the  plan  of  the  world,  and 
its  existence  as  the  product  of  a  calculating  architect,  so  in  reference 
to  the  social  system  the  same  idea  brought  into  prominence  the  prin- 
ciple of  order,  and  authority,  and  subordination,  that  at  the  present 
day  gives  its  leading  features  to  what  are  called  Conservative  politics, 
as  opposed  to  the  polities  of  a  free  and  equal  individualism.  Pytha- 
goras accordingly  preceded  Plato  in  the  constitution  of  a  republic 
mainly  on  the  principle  of  order;  and  in  one  respect  certainly  far 
excelled  his  brilHant  successor ;  for  the  constitution  which  the  Athenian 
projected  remained  a  dream  upon  paper,  while  the  community  esta- 
blished by  the  Samian  was  a  realized  fact  of  considerable  social  im- 
l>ortance  for  a  season.  In  the  establishment  of  this  community  indeed 
he  comes  nearer  to  the  founders  of  the  great  moral  society  of  the 
Christian  Church  than  any  ancient  philosopher ;  it  appeared,  however, 
that  in  this  he  occupied  ground  which  philosophy  was  not  competent 
to  maintain ;  for  the  Pythagorean  societies  in  South-Eastem  Italy, 
being  oligarchic  in  their  character  and  operation,  came  into  collision 
with  that  democratic  element  which  was  always  so  potent  in  the  Qreek 
colonies,  and  being  cast  out  lost  their  organic  consistency.  This  great 
failure  no  doubt  gave  the  hint  to  Plato  to  content  himself  with  found- 
ing a  school  at  Athens,  not  a  community ;  for  it  is  only  upon  very  rare 
occasions  that  political  parties  have  ventured  to  interfere  with  the 
ventilation  of  imapplicd  speculations  in  the  schools. 
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IV. 

^  Homer  and  Hcsiod*  whom  we  own  g^reat  doctors  of  thecdogy. 
Said  many  things  of  bliflsful  ^ods  HSbX  cry  for  large  apology. 
That  they  may  chcat^  and  rail,  and  lie,  and  g^ve  the  rein  to  paasion, 
Which  were  a  crime  in  men  who  tread  the  dost  in  mortal  fieuainioiQ. 

V. 

^  All  eyes,  all  ears,  all  thought  is  God,  the  omnipresent  soul, 
And  free  from  toil,  by  force  of  mind  he  moves  the  mighty  whole." 

The  only  other  point  worthy  of  remark  with  regard  to  Xeno- 
pbancs  is  that  he  seems  to  have  been  the  first  Greek  speoolator — 
oertainly  the  first  of  whom  any  record  is  left — who  distinctly  noted 
those  curious  phenomena  in  the  crust  of  the  earth's  surface  indicative 
of  an  early  disturbed  state  of  the  globe,  which,  when  collected  and 
systematized,  have  grown  up  into  the  interesting  modem  science  of 
Geology.  The  passage  in  which  this  remarkable  notice  occurs  is  in 
that  jM^  of  the  work  of  Hippolytus  (Befut.  HsBr.,  i.  14)  which  gives 
a  review  of  the  opinions  of  the  Greek  philosophers ;  ana  here  he  dis- 
tinctly says  that  '*  shells,  and  the  prints  of  fishes,  and  marine  aniTnals 
were  found  in  the  rocks  at  Syracuse,  Malta,  and  Pares ;  and  that  this 
was  evidently  the  result  of  a  revolution  of  the  Earth's  surface,  when 
everything  was  swathed  in  mud,  and  the  living  creatures  of  the  sea 
left  the  impressions  of  their  bodies  in  the  soft  beds,  which  afterwards 
became  dry." 

The  last  philosopher  whom  our  present  scheme  requires  us  to 
mention  is  Anaxagoras,  the  friend  of  Pericles,  and  the  precursor  of 
Plato  in  the  complete  emancipation  of  metaphysical  speculation  from 
physical  symbols.  No  doubt  Socratos  in  a  well-known  passage  accuses 
this  philosopher  of  not  having  consistently  applied  &e  intellectual 
principle  of  the  world  which  ho  laid  down  (Plat.  Phsed.  98  B.) ;  but 
in  declaring  that  the  only  adequate  explanation  of  the  cosmos  was  to 
be  found  in  self-existent  self-energizing  vov$  or  Mind,  Anaxagoras 
certainly  made  a  stride  in  advance,  marking  him  out  as  well  worthy  of 
the  commendation  bestowed  by  Aristotle,  that  in  this  matter  he  spoke 
like  a  full-grown  man  as  contrasted  with  the  lisping  and  babblement 
of  children.  There  is  in  fact  only  a  very  superficial  difiference  of 
expression  between  the  voD;  of  Anaxagoras  and  the  Elohim  of  Moses. 
"  In  the  beginning  God  created  the  Heaven  and  the  Earth."  Abont 
the  exact  meaning  of  the  word  "  create  "  (Bara),  of  course  our  finite 
intellects  always  must  dispute :  if  we  could  understand  that  word 
fully,  wo  should  be  not  men,  but  Grod :  apart  from  this,  however, 
the  fiacriXiKos  vov$  of  Anaxagoras  and  Plato,  which  is  the  keystone 
of  Christian  faith  as  well  as  of  the  highest  modem  thinking,  is  simply 
another  name  for  Qe6$ — God.  We  find,  therefore,  in  the  apx^  oi 
Anaxagoras  a  natural  and  beautiful  culmination  which  harmonizos 
in  one  significant  watchword  the  philosophy  of  Greece,  the  faith  of 
Christendom,  and  the  instincts  of  a  healthy  humanity. 

Of  the  sophists  as  predecessors  or  contemporaries  of  Socrates 
it  is  not  necessary  to  say  anything  in  this  paper.     They  were  not  so 
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much  founders  of  systems  of  philosophy  as  disputers  about  philo- 
sophy— corresponding  to  a  certain  class  of  our  literary  men,  who 
talk  and  write  on  all  subjects  without  having  any  strong  convictions 
on  any  subject ;  some  of  them,  indeed,  as  Grorgias,  profejssing  only  to 
bo  teachers  of  rhetoric,  and  others  adding  to  that  some  superficial  in- 
struction in  the  principles  of  a  worldly  morality  and  a  time-serving 
statesmanship.  The  philosophy  that  they  taught  was  generally  of  a 
negative  and  destructive  character ;  and  the  part  which  it  played  in 
the  history  of  thought  was  mainly  to  bring  out  in  fall  armed  strength 
the  rational  ethics  of  Socrates,  Plato,  and  Aristotle.  Of  course  I 
am  fully  aware  of  the  attempt  recently  made  by  Mr.  Grote  to  plant 
these  gentlemen  on  a  higher  and  more  dignified  platform ;  but  great 
as  are  the  merits  of  this  distinguished  writer  in  reference  to  the 
political  history  of  Greece,  I  cannot  but  regard  his  chapter  on  the 
sophists  as  the  product  of  a  reactionary  feelmg,  doomed  to  pass  away 
with  the  generation  which  gave  it  birth. 

[J.  S.  B.] 
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On  the  Revived  Theory  of  Phlogiston, 

Obsercaiiaiifm^  quam  produco,  bono  jure  mihi  vindico.  .  .  .  Matma  hme  ianm* 
cenSf  in  omnibus  tribus  regnU,  una  eademque  exittU,  Unde,  td  e  veqetabui  in 
animale,  abundantimme  transmigratj  ita  ex  utroHbet  horumy  in  mineraUa  et  ipsa 
metalla,  }yroinpti8$inie  omnium  trarutfertur, — Stahlii,  Experimenta,  Obaenrationes, 
A 11  i  mad  version  C8,  CCC  Numero. 

In  1781-83,  Cavendish  showed  that  when  inflammable  air  or  hydro- 
gen, and  dephlogisticated  air  or  oxygen,  are  exploded  together  in 
certain  proportions,  '' almost  the  whole  of  the  inflammable  and  de- 
phlogiHticatcd  air  is  converted  into  pure  water,'*  or  as  he  elsewhere 
expresses  it,  "  is  turned  into  water." 

On  June  24,  1783,  the  experiment  of  Cavendish  was  repeated  on  a 
larger  scale  and  in  a  somewhat  different  form  by  Lavoisier,  who  not 
only  conlirmed  the  synthesis  of  the  English  chemist,  but  drew  from 
it  the  conclusion — at  first  strongly  contested,  then  rapidly  acknow- 
knlged,  and  since  never  called  into  question — **  that  water  consistB  of 


816  Profesior  OdUng  [April  28, 

inflammable  air  united  to  dephlogiflticatod  air,"  or  that  it  is  a  com- 
pound of  hydrogen  and  oxygen. 

This  conclusion,  so  opposite  to  his  own  preconception  on  the 
matter,  Lavoisier  subsequently  confirmed  by  an  analysis  of  water. 
He  found  that  iron,  heated  to  redness  and  exposed  to  the  action  of 
water-vapour,  became  changed  by  an  abstraction  of  oxygen  from  the 
water,  into  the  self-same  oxide  of  iron  procurable  by  burning  the 
metal  in  oxygen  gas, — the  other  constituent  of  the  water,  namely,  its 
hydrogen,  being  freely  liberated. 

With  the  demonstration  by  Lavoisier  of  the  composition  of  water 
began  the  triumph  of  that  antiphlogistic  theory,  which  he  had  con- 
ceived, in  a  necessarily  imperfect  form,  so  &r  back  as  1772,  or  before 
the  discovery  of  oxygen,  and  had  brought  to  completion  by  the  aid  of 
every  successive  step  in  pneumatic  chemistiy,  achieved  by  himself  or 
by  others. 

In  1785,  the  relationship  to  one  another  of  hydrogen  and  water 
being  then  conclusively  established,  Berthollet  declared  himself  a 
convert  to  the  new  theory  of  combustion  put  forward  by  his  country- 
man. Fourcroy  next  gave  in  his  adhesion ;  and  soon  afterwards  De 
Morveau,  invited  to  Paris  expressly  to  be  reasoned  with  by  Lavoisier, 
succumbed  to  the  reasons  set  before  him.  The  four  chemists  then 
associated  themselves  together,  and  in  spite  of  a  strong  though  short- 
lived opposition  both  in  England  and  (jcrmany,  succe^ed  in  obtain- 
ing for  La  Ghimie  Fran^aise  an  all  but  universal  recognition. 

The  principal  articles  of  the  new  or  antiphlogistic  theory  of  com- 
bustion propounded  by  Lavoisier  are  as  follows : — That  combustible 
bodies  in  burning  yield  products  of  various  kinds, — solid  in  the  case 
of  phosphorus  and  the  metals,  liquid  in  the  case  of  hydrogen,  gaseous 
in  the  case  of  carbon  and  sulphur.  That  in  every  case  the  weight  of 
the  products  formed  by  the  burning  is  greater  than  the  weight  of  the 
combustible  burnt.  That  the  increase  of  weight  is  due  to  an  addition 
of  matter  furnished  to  the  combustible  by  the  air  in  which  its  burning 
takes  place.  That  bodies  of  which  the  weights  are  made  up  of  the 
weights  of  two  or  more  distinct  kinds  of  matter  are  of  necessity  com- 
pound ;  whereas  bodies  of  which  the  weights  cannot  be  shown  to  be 
made  up  of  the  weights  of  two  or  more  distinct  kinds  of  matter  are  in 
efifbct  simple  or  elementary.  That  inasmuch  as  the  weights  of  the 
products  furnished  by  the  burning  of  dififorent  combustibles  are  made 
up  of  the  weights  of  the  combustible  burnt  and  of  the  oxygen  con- 
sumed in  the  burning,  these  products  are  compound  bodies — oxides  in 
fact  of  the  substances  burnt.  That  inasmuch  as  given  weights  of 
many  combustibles,  as  of  hydrogen,  sulphur,  phosphorus,  carbon,  and 
the  metals,  are  not  apparently  made  up  of  the  weights  of  two  or  moie 
distinct  kinds  of  matter,  these  particular  combustibles  are  in  effect 
elementary ;  as  for  the  same  reason  is  the  oxygen  with  which  in  the 
act  of  burning  they  enter  into  combination.  And,  lastly,  that  combus- 
tion or  burning  consists  in  nothing  else  than  in  the  union  of  combus- 
tible matter,  simple  or  compound,  with  tho  empyreal  matter,  oxygen — 
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it  necessary  to  take  in  order  to  show  the  contrary — certain  it  is  they 
attached  very  little  importance  to  the  changes  of  weight  manifested 
by  bodies  undergoing  the  metamorphosis  of  combostion.  It  might  be 
that  when  combustible  charcoal  was  burned  the  weight  of  incombus- 
tible residue  was  less  than  the  original  weight  of  charcoal — it  might 
be  that  when  combustible  lead  was  burned  the  weight  of  incombustible 
residue  was  greater  than  the  original  weight  of  metal — ^this  was  &r 
too  trifling  an  unlikeness  to  stand  in  the  way  of  the  paramount  like- 
ness presented  by  the  two  bodies.  For  the  lead  and  charcoal  had  the 
common  property  of  manifesting  the  wonderful  energy  of  fire ;  they 
oould  alike  suffer  a  loss  of  light  and  heat — that  is,  of  phlogiston — ^by 
the  deprivation  of  which  they  were  alike  changed  into  greater  or  less 
weights  of  inert  incombustible  residue. 

And  not  only  were  these  primitive  students  of  the  philosophy  of 
combustion  unconscious  of  the  fact  and  meaning  of  the  relationship 
in  weight  subsisting  between  the  consuming  and  the  consumed  body, 
but  they  were  altogether  ignorant  of  the  part  played  by  the  air  in  the 
phenomena  which  tiiey  so  boldly  and  successfully  attempted  to  explain. 
Torricelli's  invention  of  the  barometer  and  Guericke's  invention  of  the 
air-pump  were  both  indeed  made  during  Beccher's  early  boyhood ;  but 
years  had  to  elapse  before  the  consequent  idea  of  the  materiality  of  air 
oould  be  domiciled,  as  it  were,  in  human  understandings,  ^d  not 
until  more  than  a  century  after  Torricelli's  discovery  of  the  weight  of 
air, — not,  indeed,  until  the  time  of  the  great  pneumatic  chemists  Black, 
and  Cavendish,  and  Priestley,  and  Scheole,  was  it  ever  imagined  that 
the  aerial  state,  like  tbo  solid  or  liquid  state,  was  a  state  common  to 
many  distinct  kinds  of  matter ;  and  that  the  weight  or  substance  of  a 
rigid  solid  might  be  largely  contributed  to  by  the  weight  or  substance 
of  some  constituent  having  its  independent  existence  in  the  aerial  or 
gaseous  form.  The  notion  that  100  lbs.  of  smithy-scales  might  con- 
sist of  73  lbs.  of  iron  and  27  lbs.  of  a  particular  kind  of  air,  uid  that 
100  lbs.  of  marble  might  consist  of  56  lbs.  of  lime  and  44  lbs.  of 
another  kind  of  air,  was  a  notion  utterly  foreign  to  the  older  philosophy. 
Air,  it  was  allowed,  might  be  rendered  mcphitic  by  one  kind  of  con- 
tamination, and  sulphurous  by  another,  and  inflammable  by  a  third ; 
it  might  oven  be  absorbed  in,  and  so  add  to  the  weight  of,  a  porous 
solid,  as  water  is  absorbable  by  sand  ;  but  still  air  was  ever  indisput- 
ably air,  essentially  alike  and  unalterable  in  its  mechanical  and 
chemical  oneness.  This  familiar  conception  had  to  be  overcome, 
and  the  utterly  strange  notion  of  the  largely  aerial  constitution  of 
solid  matter  to  be  established  in  its  stead,  by  the  early  pneumatic 
chemists.  Black,  and  Cavendish,  and  Bergmann,  before  the  deficiencies 
rather  than  positive  errors  of  the  phlogistic  theory  could  be  perceived. 

But  long  ere  the  foundation  of  modem  chemistry  had  thus  been 
laid,  in  1756,  by  Black's  discovery  of  fixed  air  or  carbonic  acid  as  a 
constituent  of  mild  alkalis  and  limestone,  those  old  German  doctors, 
Beccher  and  Stahl,  though  ignorant  of  the  nature  of  air  and  neg- 
lectful of  the  import  of  gravity,  had  yet  found  something  to  say  about 
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ing  tho  organs  of  sight  and  smoll,  is  dispersed.  Means  have  been 
invented  for  collecting  this  yapoor,  and  it  is  fonnd  to  be  a  yerj 
strong  acid.  The  acid  thus  procured  from  the  burning  of  sulphur,  is 
incapable  of  being  either  burned  by  itself,  or  of  contributing  towards 
tho  support  of  fire  in  other  bodies:  the  sulphur,  from  which  it  was 
procured  was  capable  of  both :  there  is  a  remarkable  difference,  then, 
between  the  acid  procured  from  the  sulphur,  and  the  sulphur  itself. 
Tho  acid  cannot  be  the  only  constituent  part  of  sulphur ;  it  is  evident 
that  something  else  must  have  entered  into  its  composition,  by  which  it 
was  rendered  capable  of  combustion.  This  something  is,  from  its 
most  remarkable  property,  that  of  rendering  a  body  combustible, 
properly  enough  denominated  the  food  of  fire,  the  inflammahU  jprh^ 

cipls,  the  phlogiston This  inflammable  principle,  or  phlogiston, 

is  not  one  thing  in  animals,  another  in  vegetables,  another  in  min^ 
rals;  it  is  absolutely  the  same  in  them  alL  ....  This  identity  of 
phlogiston  may  be  proved  from  a  variety  of  decisive  experiments ;  I 
will  select  a  few,  which  may  at  the  same  time  confirm  what  has  been 
advanced  concerning  the  constituent  parts  of  sulphur. 

*'  From  the  analysis  or  decomposition  of  sulphur  effected  by  burning, 
we  have  concluded  that  the  constituent  parts  of  sulphur  are  two— an 
acid  which  may  be  collected,  and  an  inflammable  principle  which  is 
dispersed.  If  the  reader  has  yet  acquired  any  real  taste  for  chemical 
truths,  he  will  wish  to  see  this  analysis  confirmed  by  synthesis ;  that 
is,  in  common  language,  he  will  wish  to  see  sulphur  actually  made 
by  combining  its  acid  with  an  inflammable  principle.  It  seldom 
happens  that  chemists  can  reproduce  tho  original  bodies,  though  they 
combine  together  all  the  principles  into  which  they  have  analyzed 
them ;  ....  in  the  instance,  however,  before  us,  the  reproduction  of 
the  original  substance  will  be  found  comi)letc. 

'^  As  the  inflammable  principle  cannot  be  obtained  in  a  palpable 
form  separate  from  all  other  bodies,  the  only  method  by  which  we 
can  attempt  to  unite  it  with  the  acid  of  sulphur  must  be  by  presenting 
to  that  acid  some  substance  in  which  it  is  contained.  Charcoal  is 
such  a  substance ;  and  by  distilling  powdered  charcoal  and  the  acid  of 
sulphur  together,  we  can  procure  a  true  yellow  sulphur,  in  nowise  to 
be  distinguished  from  common  sulphur.  This  sulphur  is  formed  from 
tho  union  of  the  acid  with  the  phlogiston  of  the  charcoal ;  and  the 
charcoal  may  by  this  means  be  so  entirely  robbed  of  its  phlogiston, 
that  it  will  be  reduced  to  ashes,  as  if  it  had  been  burned 

"  I  will  in  this  place,  by  way  of  further  illustration  of  the  term  phlo- 
giston, add  a  word  or  two  concerning  the  necessity  of  its  union  with 
a  metallic  earth,  in  order  to  constitute  a  metaL  Lead,  it  has  been 
observed,  when  melted  in  a  strong  fire,  burns  away  like  rotten  wood ; 
all  its  properties  as  a  metal  are  destroyed,  and  it  is  reduce<l  to  ashes. 
If  you  expose  the  ashes  of  lead  to  a  strong  fire,  they  will  melt ;  but  the 
melted  substance  will  not  be  a  meUil^  it  will  be  a  yellow  or  orange- 
coloured  glass.  If  you  pound  tlie  glass,  and  mix  it  with  charcoal  dust, 
or  if  you  mix  the  ashes  of  the  lead  with  charcoal  dust,  and  expose 
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evident  that  the  Stahlians,  though  ignorant  of  mnch  that  has  sinoe 
become  known,  were  nevertheless  cognisant  of  much  that  became  aftei^ 
wards  forgotten.  For  most  of  what  has  since  become  known,  mankind 
are  indebted  to  the  surpassing  genins  of  Lavoisier ;  bnt  the  tmth  which 
he  established,  alike  with  that  which  he  subverted,  is  now  recognizable 
as  a  partial  troth  only ;  and  the  merit  of  his  generalization  is  now  per- 
ceived to  consist  in  its  addition  to — ^its  demerit  to  consist  in  its 
supersession  of — the  not  less  grand  generalization  established  by  his 
scarcely  remembered  predecessors.  This  being  so,  the  relationship  to 
one  another  of  the  Stahlian  and  Lavoisierian  theories  of  combustion 
furnishes  an  apt  illustration  of  the  general  truth  set  forth  by  a  great 
modern  writer,  that  *'in  the  human  mind,  one-sidedness  has  always 
been  the  role,  and  many-sidedness  the  exception.  Hence,  even  in  revo- 
lutions of  opinion,  one  part  of  the  truth  usually  sets  while  another 
rises.  Even  progress,  which  ought  to  superadd,  for  the  most  part  only 
substitutes  one  partial  and  incomplete  truth  for  another ;  improvement 
consisting  chiefly  in  this,  that  the  new  fragment  of  truu  is  more 
wanted,  more  adapted  to  the  needs  of  the  time,  than  that  which  it 
displaces." 

The  partial  troth  contributed  by  Lavoisier  was  indeed  more 
wanted,  more  adapted  to  the  needs  of  the  time,  than  the  partial  truth 
which  it  displaced.  To  him  chemists  are  indebted  for  their  present 
conception  of  material  elements;  and  especially  for  their  know- 
ledge of  the  part  played  by  the  air  in  the  phenomena  of  combustion, 
whereby  oxygenated  compounds  are  produced.  The  phlogistians, 
indeed,  were  not  unaware  of  the  necessity  of  air  to  combustion,  but 
being  ignorant  of  the  nature  of  air  were  necessarily  ignorant  of  the 
function  which  it  fulfilled.  To  burn  and  to  throw  off  phlogiston 
being  with  them  synonymous  expressions,  the  air  was  conceived  to 
act  by  somehow  or  other  enabling  the  combustible  to  throw  its  phlo- 
giston off;  and  a  current  of  air  was  conceived  to  promote  combus- 
tion by  enabling  the  combustible  to  throw  its  phlogiston  off  more 
easily.  Moreover,  contact  of  air  was  not  essential  to  combustion, 
provided  there  was  present  instead  some  substance,  such  as  nitre, 
which  equally  with,  or  even  more  effectively  than  air,  could  enable 
the  combustible  to  discharge  itself  of  phlogiston.  But  while  the 
phlogistians,  on  the  one  hand,  were  unaware  that  the  burnt  product 
differed  from  the  original  combustible  otherwise  than  as  ice  differs 
from  water,  by  loss  of  energy;  Lavoisier,  on  the  other  hand, 
disregarded  the  notion  of  energy,  and  showed  that  the  burnt  pro- 
duct included  not  only  the  stuff  of  the  combustible,  but  also  tho 
stuff  of  the  oxygen  it  had  absorbed  in  the  burning.  But,  as  well 
observed  by  Dr.  Crum-Brown,  we  now  know  '^that  no  compound 
contains  the  substances  from  which  it  was  produced,  but  that  it 
contains  them  minus  something.  We  now  know  what  this  something 
is,  and  can  give  it  the  more  appropriate  name  of  potential  energy; 
but  there  can  be  no  doubt  ihski  this  is  what  the  chemists  of  the 
seventeenth  century  meant  when  they  spoke  of  phlogiston." 
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W.  E.  S.  Ralston,  Esq.  M.A. 

On  Bu88ian  Fdhlore. 

The  early  history  of  all  the  Slayonic  nations  is  shrouded  in  no  slight 
obscurity,  and  over  that  of  the  Eussians  the  darkness  has  gathered  so 
densely  that  oven  their  claim  to  be  considered  Slavonians  has  been 
contested.  The  statement  that  ''  if  you  scratch  a  Eussian  you  will 
find  a  Tartar  "  has  been  amplified  into  a  theory ;  and  certain  writers 
protest  that  the  Eussian  people  is  nothing  more  than  a  collection  of 
Finnish,  Turkish,  and  Mongol  hordes  who  have  accepted  a  form 
of  speech  borrowed  from  their  Slavonic  neighbours.  On  this  question 
the  study  of  Eussian  Folk-lore  tlirows  a  considerable  amount  of  light, 
and  that  of  a  welcome  kind,  for  by  its  aid  it  seems  possible  to  re- 
cognize, in  the  ancestors  of  the  great  nation  which  now  peoples  so 
large  a  portion  of  Europe,  men  of  a  like  race  with  ourselves,  linked 
with  our  forefathers,  not  only  by  similar  linguistic  forms,  but  also  by 
common  religious  ideas. 

How  and  when  the  Slavonians  entered  Europe  are  questions  which 
have  not  yet  been  answered  with  precision,  but  they  seem  to  have 
settled  at  an  early  period  along  the  Danube,  and  thence  to  have  been 
obliged  to  migrate  towards  the  North  and  East ;  and  from  those  who 
pushed  fieuiiiest  towards  the  East  the  present  Eussians  are  supposed  to 
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join  the  ranks  of  the  RosalkaB,  the  beings  who  hannt  tbe  waters. 
Thoj  appear  for  the  most  part  in  the  shape  of  beauteous  inaidenB, 
whose  slender  forms  are  clothed  in  flowing  white  raiments,  and  oyer 
whose  shoulders  loosely  isiU  masses  of  grass-green  hair.  They  answer 
to  the  Lithuanian  Undines  and  the  Servian  Vilas,  and  in  many  respects 
to  our  own  Fairies,  like  whom  they  love  to  dance  and  sing  by  night 
beneath  the  moon,  marking  the  grass  with  dark  circles  where  they 
have  moved ;  and  they  are  given  to  sailing  in  egg-shells,  when  they 
find  them  unbroken;  and  they  are  troubled  with  doubts  as  to  their 
future  state.  The  little  ones  among  them,  moreover,  may  be  saved 
during  the  space  of  seven  years  after  death,  if  anyone  who  meets  them 
will  baptize  them  ii^  due  form.  Like  mermaids,  the  Busalkas  are 
constantly  employed  lu  combing  their  long  tresses,  and  like  the 
Grerman  water-spirits,  they  strive  to  entice  unwary  admirers  into  their 
abodes,  and  there  they  tickle  them  to  death. 

A  less  poetic  inhabitant  of  the  waters  is  the  Vodyany,  or  male  water- 
sprite,  a  bloated,  red-faced,  watery  Silcnus,  who  ofl;en  works  mischief 
for  fishermen  if  they  do  not  propitiate  him  by  due  offerings.  And 
corresponding  with  him  is  the  Lyeshy,  a  silvan  demigod,  satyr,  or 
faun,  who  haunts  the  forest,  and  whose  voice  may  be  heard  in  the 
echo,  and  his  laughter  in  the  creaking  of  boughs.  Since  the  intro- 
duction of  Christianity  into  Russia,  all  these  supernatural  beings  have 
suffered  considerably  in  reputation ;  one  legend  even  attributing  to 
them  all  a  simply  demoniacal  origin,  and  af&rming  that  they  are  that 
port  of  Satan's  host  which  fell  upon  earth  after  having  been  expelled 
from  heaven — an  idea  which  in  current  in  many  other  countries,  as, 
for  instance,  in  Lreland  about  the  fairies. 

Besides  these  divine  and  semi-divine,  or  semi-diabolical  beings, 
there  are  certain  supernatural  pei'sonages  who  figure  to  a  great  extent 
ill  the  stories  current  among  the  Russian  peasants.  Of  these  one  of 
the  most  important  is  the  Yaga-Baba,  who  answers  to  the  Giantess, 
Ogress,  or  female  Troll  of  Western  fairy  tales.  She  is  a  hideous  old 
woman,  tall  and  bony.  She  lives  in  a  solitary  hut,  which  turns  on  a 
pivot  in  obedience  to  a  word  of  command,  or  in  a  larger  building 
surrounded  by  a  fence  made  of  dead  men's  bones.  As  she  lies  indoors 
slie  stretches  from  one  side  of  her  chamber  to  the  other,  and  her  long 
iron  nose  goes  right  tlirough  the  ceiling.  When  she  leaves  her 
dwelling  she  drives  through  tlie  forest  in  an  iron  mortar,  propelling 
it  with  the  pestle,  and  sweeping  away  her  traces  with  a  broom.  She 
is  the  type  of  all  that  is  ferocious  and  destructive,  and  the  mytholo- 
gists  recognize  in  her  an  ini personification  of  the  storm. 

Another  remarkable  character  is  Koshchei  the  Deathless,  a  demon 
who  carries  off  queens  and  princesses  from  their  homes,  and  keeps 
them  imprisoned  within  his  palace  walls  until  the  hero  comes  who  is 
destined  to  set  them  free.  In  order  to  kill  him,  it  is  necessary  to  find 
out  where  his  death  is  hidden,  the  result  of  the  discovery  being  the 
same  as  in  the  Norse  story  of  tlic  giant  who  had  no  heart  in  his  body, 
or  in  the  Dcccan  tale  of  ^'  Punchkiu,"   The  name  of  Koshchei  is  derived 
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real  tmtli  seems  to  be,  that  while  almost  all  the  fragments  of  mythic 
and  ritual  song  preserved  among  the  Bossian  people  are  probably 
relics  of  a  great  mass  of  poetry  common  to  the  Slavonic  tribes  at  the 
time  when  they  first  arrived  in  Earope,  at  least  a  great  part  of  the 
tales  and  ^'  metrical  romances  "  now  current  among  the  Hussians  have 
most  likely  come  to  them  at  various  times  from  different  quarters, 
traces  of  Scandinavian,  of  Finnish,  of  Mongol,  and  of  other  influences 
being  apparent  in  the  forms  of  what  seem  to  have  originally  been 
Indian  and  Persian  fictions.  But  whatever  else  may  be  said  of  it, 
this  much  seems  to  be  clear,  that  the  Eussian  folk-lore  forms  a  part  of 
the  rich  mythological  inheritance  held  in  common  by  the  various 
branches  of  the  great  Aryan  fEimily. 

[W.  R.  S.  R] 


GENERAL  MONTB[LY  MEETING, 

Monday,  May  8,  1871. 

Sib  Henbt  Holland,  Bart.  M.D.  D.O.L.  F.RS.  President, 

in  the  Ch§ir. 

The  following  Vice-Presidents  were  nominated  for  the  ensuing 
year: — 

The  Duke  of  Northumberland. 

The  Lord  Lindsay. 

Sir  Frederick  Pollock,  Bart 

William  Spottiswoode,  Esq.  the  Treasurer. 


William  S.  Burton,  Esq. 
Arthur  Samuel  Hobson,  Esq.  F.C.S. 
Richard  Liebreich,  Esq.  M.R.C.S. 
Abraham  De  Mattos  Mocatta,  Esq. 
Edward  Stanhope  Pearson,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

John  Ttndall,  Esq.  LL.D.  F.RS.  was  re-elected  Professor  of 
Natural  Philosophy. 

The  PaisxNTS  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

Accademia  PonUfida  dtf  Nuovi  Lineei,  T^oma— Atti:  anno  XXIL    186&-9.    4to. 

Actuaries,  Littitute  ©/—Journal,  No.  73.    8vo.     1871. 

Antiquariet,  Society  o/— Archnologia,  Vol  XL.  Part  2.    4to.    1871. 

A»atie  SoeUy  of  Bengal— Fioo&o&ig!B,1910fI)eo.    1871.  Jan.    8vo. 
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yet  tako  part  in  their  external  protection,  and  this  we  acknowledge 
that  it  iH  our  duty  to  afford. 

One  most  important  function  the  Nayy  has  to  perfonn  is  to  keep 
open  the  ports  of  the  United  Kingdom  for  the  ingress  and  egress  A 
our  merchant-ships.  Unless  the  shipping  of  the  Thames,  the  Mersey, 
the  Clyde,  and  numerous  other  ports  he  free  to  come  and  go,  it  wUl 
he  of  little  avail  to  protect  our  foreign  possessions.  The  measures 
adopted  should  of  course  bo  suited  to  the  circumstances  of  each 
locality.  Ah  regards  fixed  defences  on  shore,  an  idea  is  prevalent  that 
earthwork  batteries  could  easily  he  extemporized  for  the  protection 
of  our  Commercial  Ports,  but  to  anyone  who  is  aware  of  the  natnre  of 
the  appliances  of  a  modem  battery,  intcndeil  for  defence  against  attack 
by  the  powerful  guns  and  ships  of  the  present  day,  such  proposals  are 
known  to  be  utterly  delusive.  Sometimes  the  defence  of  a  port  can  be 
wholly  provided  for  by  shore  batteries,  supplemented  by  torpedoes ; 
sometimes  it  is  best  to  provide  for  it  }uirtly  by  shore  batteries  and 
partly  by  turret-vessels  and  gunboats,  aided  by  torpedoes ;  and  in  other 
cases  it  may  be  desirable  to  employ  floating  batteries  only  in  the  defence. 

As  regards  garrisons  for  the  works  defending  our  Commercial 
Harbours,  besides  the  Militia,  we  have  large  bodies  of  Volunteer 
Artillery  at  most  of  our  sea]>orts.  These,  if  trained  to  the  service  of 
heavy  rifled  guns,  by  a  few  experienced  Boyal  Artillerymen  who 
should  bo  stationed  at  each  place,  and  who  should  have  charge  of  the 
worlcs  and  armaments,  would  be  thoroughly  efficient  for  the  service  of 
the  guns  in  the  batteries.  Without  such  batteries,  these  Artillerymen 
are  like  infantry  without  rifles,  and  are  useless.  On  the  other  hand, 
if  the  batteries  were  provided,  they  would  form  a  very  important 
element  in  our  arrangements  for  defence. 

Whilst  these  would  man  the  Ituid  batteries,  the  gun-boai*^  might 
be  manned  by  local  seamen,  under  Naval  Officers.  A  few  Military 
Engineers  would  be  required  for  the  working  of  torpedoes,  the  stores 
for  which  do  not  deteriorate  by  keeping,  and  should  always  be  reoily 
on  the  spot.  The  Defence  of  the  Commercial  Ports  would  thus  be 
complete 

Our  maritime  frontier  must  be  placed — it  is  to  a  groat  extent  already 
placed — in  a  condition  for  defence.  We  have  what  I  may  call  naval 
entrenched  camps  on  tlie  Southern  Coast  of  the  kingdom  at  Ports- 
mouth and  Plymouth,  at  Portland,  at  Pembroke,  at  Chatliam,  Dover, 
and  Cork.  A  large  fortified  harbour  on  the  Eastern  Coast  is  still 
wanted.  In  the  late  discussions  in  Parliament,  the  proposal  for  a 
harbour  at  Filey  Bay  was  discussed  as  if  it  were  solely  required  as 
a  refuge  for  the  mercantile  marine ;  but  such  a  harbour,  if  fortified, 
would  be  the  Portland  of  the  Eastern  Coast.  From  these  naval 
entrenched  camps  our  squadrons  for  the  Coast  Defence  would  issue 
for  the  protection  of  the  adjacent  shores  ;  upon  them  our  fleet  might 
retire  in  security  if  assailed  by  superior  force.     The  fortifications  of 
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main  attack  npon  tho  Eastom  or  Southern  coast.  He  would  thus  il 
leant  (liKtract  tlio  attontiou  of  onr  defonsiYe  forces,  and  poadfaly  thii 
Kubsidiarj  attuc^k  migbt  turn  out  to  bo  one  of  great  importance. 

You  will  olmerYc  that  if  he  sncceedod  in  making  good  a  kndSng 
with  a  cor^Ns  at  or  somcwhero  near  the  Humber,  he  would  be  in  a  poo- 
tinii  to  march  upon  tho  great  scats  of  manufacture,  and  a  saocf^rfal 
n<lvance  again  Kt  MauchcBter,  Liverpool,  Sheffield,  and  other  placet  ii 
th<;  Kill  IK'  quarter,  would  probably  result  in  ononnoas  reqoisitiona  beng 
levitxl  \x\xn\  thcHC  seats  of  wealth  and  manufacturing  industry. 

In  view  of  an  opc^ration  of  this  description,  tho  defence  cf  tbe 
Humber,  to  wliich  1  have  before  adverted,  and  the  establiahment  of  ft 
'*  Ci'ntral  Arsenal,"  which  should  probably  bo  somewhere  near  Shef- 
field (in  preference  to  Cannock  Chase,  whero  it  has  hitlierto  beeo 
proposcKl  to  place  it),  are  botli  matters  of  very  great  importance. 

At  the  Kaino  time  that  an  attack  or  a  feint  was  made  on  the  Norili- 
l*]ii8terii  Counties,  the  landing  of  the  main  invading  force  might  be 
etlijcted  on  the  Eastern  or  on  tho  Southern  coast  with  a  view  of  maidi- 
ing  upon  Lomlon. 

Until  it  be  clearly  seen  whether  the  attempt  to  the  Nortbwiid 
was  a  foint  or  a  real  attack,  we  must  keep  a  force  there  to  meet  it 
When  the  line  of  the  attack  from  tho  Southward  was  fully  de- 
veloiKid,  we  nhould  concentrate  upon  it,  and  dispute  tho  possession  of 
the  soil,  as  fur  as  practicable ;  of  course  bringing  down  the  force 
from  the  north  if  not  re(|uired  tlicre.  Tlie  whole  of  the  active  army, 
except  the  force  in  Ireland,  and  such  portions  as  must  be  detached  for 
the  nucleus  of  each  of  the  garrisons  of  our  Naval  Arsenals  and  other 
fortrcHses,  should  l)e  brought  together  to  oi)pose  the  advance  on  liondon. 

All  railway  arrangements  for  the  ready  tnuisport  of  troops  would 
bo  made  by  the  Military  Staff,  in  concert  with  the  managers  of  the 
several  lines.  The  telegraph  lines  are  now  in  the  hands  of  the 
Govonmient,  and  would  therefore  be  worked  by  the  same  employes  as 
at  present. 

Temporary  works,  on  tho  probable  or  expected  fields  of  battle, 
would  1)0  tlirown  up  l)etwcen  London  and  the  C-ijast ;  these  would  be 
executed  by  bodies  of  workmen,  organized  under  the  Civil  Engineer 
Staff  Corps,  and  under  the  direction  of  Military  Engineers,  by  whom 
tho  i)laus  would  have  biien  previously  prepared.  The  number  of  men 
and  tools,  as  well  as  the  time  required  for  fonning  each  work,  would 
have  been  i)reviously  calculated. 

lloads  would  be  broken  uj),  obstacles  across  them  created,  railways 
destroyed,  and  we  should  probably  fight  a  x>itched  Imttle  either  on 
tlie  ranges  of  chalk  hills  in  Kent  or  Surrey,  near  Chelmsford,  or  in 
some  chosen  positions  elsewhere. 

Fight,  no  doubt,  we  sliould  with  fury,  but  wo  might  be  beaten  I  I 
If  so  the  enemy  marches  straiglit  into  London.  Our  army  might 
retire  upon  tlie  fortified  entrenched  camp  at  Portsmouth,  on  the  one 
hand,  or  ui)on  the  fortified  Central  Arsenal,  if  we  had  one,  on  tho 
other ;  but  with  London  in  the  hands  of  the  enemy,  what  then  ? 
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Some  say  even  if  London  were  occupied  by  a  hostile  army,  we 
should  still  continue  the  struggle.  Look,  they  say,  at  the  case  of 
Madrid  in  the  Peninsular  War !  Look  at  Moscow  in  1812  I  Look 
at  Vienna  in  the  wars  of  the  beginning  of  this  century. 

But  it  is  almost  beside  the  question  to  compare  these  cases,  or 
that  of  Berlin  and  other  capitals,  except  Paris,  with  that  of  Loudon. 
The  fall  of  London  would  render  further  resistance  impossible.  With 
London  in  the  hands  of  an  enemy,  then  the  seat  of  Government,  the 
heart  of  the  Empire,  the  centre  of  all  commerce,  the  focus  of  our 
communications,  our  Government  Factories  at  Woolwich  for  guns, 
gun-carriages,  munitions,  stores  (the  only  Government  manufacturing 
arsenal  we  possess),  the  great  Naval  Arsenal  at  Chatham,  too  (which 
is  unfortified  to  landward),  all  fall  into  his  hands !  !  There  would  be 
a  collapse  of  commerce,  of  government,  and  of  order,  from  which 
there  might  be  no  recovery. 

What  shall  the  measures  of  precaution  be  ? 

The  Duke  of  Wellington,  in  his  memorable  letter  of  January, 
1847,  said,  '*  I  know  of  no  mode  of  resistance,  much  less  of  protection, 
*'  from  this  danger  except  by  an  army  in  the  field  capable  of  meeting 
'^  and  contending  with  its  formidable  enemy,  aided  by  all  the  means 
'*  of  fortifications  which  experience  in  war  and  science  can  suggest." 

As  regards  the  Army,  I  believe  that  if  the  regular  and  other  forces 
which  it  is  proposed  to  maintain,  be  trained,  so  as  to  be  efficient  for 
the  duties  they  may  be  liable  to  perform,  and  if,  to  use  the  Duke  of 
Wellington's  words,  they  be  '*  aided  by  all  the  means  of  fortifications 
"  which  experience  in  war  and  science  can  suggest,"  the  defence  of 
the  country  against  invasion  will  be  fully  provided  for. 

Without  the  aid  of  fortifications,  I  submit  that  it  will  not  be  poa^ 
sihlej  unless  compulsory  service  be  resorted  to,  to  organize  and  main- 
tain an  army  capable  of  affording  that  complete  security,  to  obtain 
which  our  military  expenditure  is  incurred. 

In  this  country,  on  account  of  its  expense  and  the  withdrawal  of 
men  from  industrial  pursuits,  which  it  involves,  there  is  great  repug- 
nance to  a  large  standing  army. 

The  cost  of  fortifications  is  very  small  when  compared  with  that 
of  the  maintenance  of  regular  troops.  The  capital  cost  of  an  addition 
of  only  5000  men  to  our  regular  army  may  be  stated  as  follows : — 

5000  men,  witli  barracks  and  nonH-ffectiye         £  £ 

charges,  at  G02.  per  man  per  annum        ..     800,000 

Capitalized  at  3^  per  cent 9,000,000 

Productive  labour  of  5000  men  lost  by  their 

being  converted  into  soldiers,  say  30/.  per 

annum 150,000 

Capitalized  at  3^  per  cent 4.500,000 

Total  cost  of  5000  regular  troops        £13, 500,000 

Now,  an  augmentation  of  5000  men  to  our  regular  army  is  scarcely 

2  A  2 
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worth  mentioning  as  a  contribution  to  the  increase  of  our  defangrre 
power,  whoreos  the  cost  of  this  addition,  if  applied  to  fortificatiaii, 
would,  with  the  forces  already  proposed  to  be  maintained,  for  ever 
settle  the  question  of  the  invasion  of  England.  •  .  •  • 

The  expoDse  of  the  necessary  permanent  fortifications  aroimd  the 
metropolis  would  be  about  eight  millions  sterling.  Add  to  this  the 
cost  of  the  Central  Arsenal  and  of  the  works  required  for  the  proteo- 
tiou  of  the  seaports  at  home  and  abroad  above  referred  to,  uid  the 
whole  exi)ense,  including  armaments,  would  not  be  so  great  as  the 
capital  cost  of  5000  regular  troops.  The  expense  of  the  mainte- 
nance of  fortifications  is  but  trifling,  and  we  already  have  mora  than 
an  abundance  of  forces  ca^mble  of  manning  them. 

The  works  for  the  defence  of  London  should  be  permanent ;  and 
provided  with  plenty  of  bomb-proof  cover  and  deep  well-fluiked 
ditches.  They  should  be  impregnable  against  assault,  and  the  ram- 
parts should  be  constructed  so  as  to  render  the  artillery  therein  secure 
against  being  silenced  by  the  enemy's  fire. 

As  regards  the  question  where  the  works  should  be,  there  are  two 
principles  which  have  to  be  considered.  One  may  be  called  the 
indirect,  the  other  the  direct  system. 

The  indirect  plan  is,  to  construct  at  a  distance  of  20  or  30  miles 
from  London,  three  or  four  fortified  entrenched  camps ;  one  at  Chat- 
ham (where,  in  any  case,  the  works  proposed  by  the  Defence  Com- 
mission for  the  defence  of  the  Naval  Arsenal  should  be  carried  out), 
one  west,  another  north,  and  another  south  of  London.  The  direct 
plan  is,  to  construct  a  series  of  detached  forts,  crossing  fire  with  each 
other,  and  from  about  2000  to  3000  yards  apart,  according  to  the 
circumstances  of  the  locality,  all  roimd  London,  at  a  distance  of  about 
12  miles  from  its  centre. 

The  principle  on  which  the  indirect  system  is  advocated  is,  that 
each  entrenched  camp,  or  strategical  fortress,  would  be  capable  of  con- 
taining a  large  force  which  miglit  act  on  the  flank  or  rear  of  an  enemy, 
and  threaten  his  communications  if  he  passed  it ;  and  that  an  invader 
would  therefore  be  obliged  to  sit  down  and  besiege  it,  or  to  employ  a 
large  force  to  mask  it,  before  he  could  proceed  on  his  march  to  London. 

A  system  of  purely  strategical  fortresses,  such  as  we  are  discussing, 
would  be  inoperative  unless  the  forces  acting  from  them  were  fully 
equipped,  thoroughly  trained,  and  disciplined  troops.  Even  admitting 
that  we  had  sufficient  forces  of  this  description  capable  of  taking  the 
field,  the  safety  of  London  would  still  be  dependent  on  the  result  of 
a  general  action 

Now,  the  direct  system  of  defence  would  absolutely  cover  London ; 
and  the  whole  adult  male  population,  as  also  the  enormous  resources 
of  all  kinds  within  the  line  of  the  proposed  forts,  could  be  drawn  upon 
for  the  defence  at  any  part  of  the  circle.  A  ring  of  about  fifty  works 
would  at  every  point  affoKl  a  strong  fortified  battle-field  twelve  miles 
from  the  centre  of  London 
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to  no  propositions  but  such  as  are  perfectly  clear  and  distmot — 
became  incarnate,  so  to  speak,  in  Anthony  Oollins,  Toland,  Tindal, 
and  Pierre  Baylc,  and  reached  its  final  term  in  Home. 

On  the  other  hand,  although  the  theory  of  Gravitation  set  aside 
the  Cartesian  vortices — ^yet  the  spirit  of  the  *■  Principes  de  Philosophie' 
attained  its  ai)otheosis  when  Newton  demonstrated  all  the  host  of 
heaven  to  be  but  the  elements  of  a  vast  mechanism,  regulated  by  the 
same  laws  as  those  which  govern  the  falling  of  a  stone  to  the  groond. 
There  is  a  passage  in  the  preface  to  the  first  edition  of  the  ^Prindpia' 
which  shows  that  Newton  was  penetrated,  as  completely  as  Descartes^ 
with  the  belief  that  all  the  phenomena  of  nature  are  expressible  in 
terms  of  matter  and  motion.  .  .  . 

But  the  doctrine  that  all  the  phenomena  of  nature  are  resolvable 
into  mechanism  is  what  people  have  agreed  to  call  '*  materialism " ; 
and  when  Locke  and  Collins  maintained  that  matter  may  possibly  be 
able  to  think,  and  Newton  himself  could  compare  infinite  space  to  the 
sonsorium  of  the  Deity,  it  was  not  wonderful  that  the  Engliiah  philo- 
sophers sliould  be  attacked  as  they  were  by  Leibnitz  in  the  famous 
letter  to  the  Princess  of  Wales,  which  gave  rise  to  his  correspondence 
with  Clarke.  .  .  .  The  phenomena  of  nature  were  held  to  he  resolv- 
able into  the  attractions  and  the  repulsions  of  particles  of  matter ; 
all  knowledge  was  attained  through  the  senses  ;  the  mind  antecedent 
to  experience  was  a  tdbuh,  rasa.  In  other  words,  the  character  of 
speculative  thought  in  England  at  the  commencement  of  the  eighteenth 
century  was  essentially  sceptical,  critical,  and  materialistic 

George  Berkeley  was  destined  to  give  the  same  kind  of  develop- 
ment t<t  the  idealistic  side  of  Descartes*  philosophy  that  the  Free- 
thinkers hod  given  to  its  sceptical  side  and  the  Newtonians  to  its 
mechanical  side.  Ho  said  to  the  materialists  :  "  You  tell  me  that  all 
the  phenomena  of  nature  are  resolvable  into  matter  and  its  affections. 
I  assent  to  your  statement,  and  now  I  put  to  you  the  further  question, 
'  What  is  matter  ?  *  In  answering  this  question  you  shall  be  bound 
by  your  own  conditions ;  and  I  demand,  in  the  terms  of  the  Cartesian 
axiom,  that  in  turn  you  give  your  assent  only  to  such  conclusions  as 
are  i)erfectly  clear  and  obvious." 

It  is  this  great  argument  which  is  worked  out  in  the  'Treatise 
concerning  the  Principles  of  Human  Knowleilgo,'  and  in  those  '  Dia- 
logues l>etween  Hylas  and  Philonous,*  which  rank  among  the  most 
exquisite  exam2)lo8  of  English  style,  as  well  as  among  the  subtlest  of 
metaphysical  writings  ;  and  the  final  conclusion  of  which  is  summed 
up  in  a  passage  remarkable  alike  for  literary  beauty  and  for  calm 
audacity  of  statement. 

"  Some  tniths  there  arc  so  mwx  and  obvious  to  tho  mind  that  a  man  need  only 
open  his  eyes  to  sco  them.  Such  I  take  tliis  important  one  to  be,  viz.  that  all  tho 
choir  of  heaven  and  furniture  of  tho  earth — in  a  word,  all  those  bodies  which 
CK)nij)oso  the  niiglity  frame  of  tlie  world — have  not  any  substance  without  a  mind ; 
that  their  bt-inj::  is  to  Ix^  ]H'reeived  or  known ;  that  conse<iuently,  so  long  as  thoy 
are  not  actually  i)ereoiv«il  by  me,  or  do  not  exist  in  my  mind  or  that  of  any  other 
created  spirit,  they  must  either  linve  no  existeuc<»  at  all  or  else  subsist  in  the  mind 
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of  some  eternal  spirit ;  it  being  perfectly  unintelligible,  and  involving  all  the 
absurdity  of  abstmction,  to  attribute  to  any  single  part  of  them  an  existence 
iu<k'p4.'ndcnt  of  a  spirit." — Treatise  concerning  the  Frinciples  of  Human  Knotoledge^ 
Part  I.,  §  G. 

Doubtless  this  possiEige  somids  like  the  acme  of  metaphysical 
paradox,  and  wo  all  kuow  that  ^*  coxcombs  vanquished  Berkeley  with 
a  grin  " ;  while  conmion-scnse  folk  refuted  him  by  stamping  on  the 
ground  or  somo  such  other  irrelevant  proceeding.  But  the  key  to  all 
})hLl()sophy  lies  in  the  clear  apprehension  of  Berkeley*s  problem — 
which  is  neither  more  nor  less  than  one  of  the  shapes  of  the  greatest 
of  all  questions,  *'  What  are  the  limits  of  our  faculties  ?  "  And  it  is 
worth  any  amount  of  trouble  to  comprehend  the  exact  dature  of  the 
argumeut  by  which  Berkeley  arrived  at  his  results,  and  to  know  by 
one  s  own  knowledge  the  great  truth  which  he  discovered — that  the 
honest  and  rigorous  following  up  of  the  argument  which  leads  us  to 
materialism,  inevitably  carries  us  beyond  it. 

Suppose  that  I  accidentally  prick  my  finger  with  a  pin.  I  imme- 
diately become  aware  of  a  condition  of  my  consciousness — a  feeling 
which  I  term  pain.  I  have  no  doubt  whatever  that  the  feeling  is  in 
myself  alone;  and  if  anyone  were  to  say  that  the  pain  I  feel  is 
something  which  inheres  in  the  needle,  as  one  of  the  qualities  of  the 
substance  of  the  needle,  we  should  all  laugh  at  the  absurdity  of  the 
phraseology.  In  fact,  it  is  utterly  impossible  to  conceive  pain  except 
as  a  state  of  consciousness. 

Hence,  so  far  as  pain  is  concerned,  it  is  sufficiently  obvious  that 
Berkeley's  phraseology  is  strictly  applicable  to  our  power  of  conceiv- 
ing its  existence — ''its  being  is  to  be  perceived  or  known,"  and  ^  so 
long  as  it  is  not  actually  perceived  by  me,  or  does  not  exist  in  my 
mind,  or  that  of  any  other  created  spirit,  it  must  either  have  no 
existence  at  all,  or  else  subsist  in  the  mind  of  some  eternal  spirit.*' 
....  So  much  for  pain.  And  the  same  reasoning  applies  to  iJl  the 
other  simple  sensations 

It  is  undoubtedly  true  that,  as  Berkeley  says,  their  **esse  is  percipi  ** 
— their  being  is  to  bo  "  perceived  or  known."  But  that  which  perceives, 
or  knows,  is  mind  or  spirit ;  and  therefore  that  knowledge  which  the 
senses  give  us  is,  after  all,  a  knowledge  of  spiritual  phenomena. 

All  this  was  ex])licitly  or  implicitly  admitted,  and,  indeed,  insisted 
upon,  by  Berkeley's  contemporaries,  and  by  no  one  more  strongly 
than  by  Locke,  who  terms  smells,  tastes,  colours,  sounds,  and  the  like, 
''  secondary  (qualities,"  and  observes,  with  respect  to  these  '*  secondary 
qualities,"  that  ''  whatever  reality  we  by  mistake  attribute  to  them 
I  they  I  are  in  truth  nothing  in  the  objects  themselves."  .... 

Thus  far  then  materialists  and  idealists  are  agreed.  Locke  and 
Ik'rkeley,  and  all  logical  thinkers  who  have  succeeded  them,  are  of 
one  mind  about  secondary  qualities^  their  being  is  to  be  perceived  or 
known — their  materiality  is,  in  strictness,  a  spirituality. 

But  Locke  draws  a  great  distinction  between  the  secondary  quali- 
ties of  matter,  and  certain  others  which  be  terms  **  primary  qualities." 
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ThcRO  aro  oxtonsion,  fignre,  solidity,  motion  and  reBt^  and  nnmber; 
and  ho  is  as  clear  that  theso  primary  qualities  exist  independently  of 
tho  mind,  as  ho  is  that  tho  socondary  qualities  haye  no  snch  existence. 
....  Ho  is  as  tliuroughgoing  a  realist  as  St.  Anselm.  In  Berkeley, 
on  tho  other  hand,  wo  havo  as  complete  a  representatiye  of  the  ncHni- 
nalists  and  coiiceptualists — an  intellectual  descendant  of  BosoeUinns 
and  of  Abclard.  And  by  a  curious  irony  of  fate,  it  is  the  nominalist 
who  is,  this  time,  tlio  champion  of  orthodoxy,  and  the  realist  that  of 
heresy. 

Onco  more  let  us  try  to  work  out  Berkeley's  principles  for  our- 
selves, and  inquire  what  foundation  there  is  for  the  assertion  that 
exteusion,  form,  solidity,  and  tho  other  **  primary  qualities,"  have  an 
existence  apart  from  mind.  And  for  this  purpose  let  us  recnr  to  our 
exi)criment  with  tho  pin. 

It  has  been  seen  that  when  the  finger  has  been  pricked  with  a  pin, 
a  state  of  consciousness  arises  which  we  call  pain ;  and  it  is  admitted 
that  this  i)ain  is  not  a  something  which  inheres  in  the  pin,  bat  a 
something  which  exists  only  in  tho  mind,  and  has  no  similitude  else- 
where. 

But  a  little  attention  will  show  that  this  state  of  conscionsness  is 
accompanied  by  another,  which  can  by  no  effort  be  got  rid  of.  I  not 
only  have  the  feeling,  but  tho  feeling  is  localized.  I  am  j  ust  as 
certain  that  the  pain  is  in  my  finger,  as  I  am  that  I  have  it  at  alL  Nor 
will  any  effort  of  the  iuiaginatiou  enable  mo  to  believe  that  the  pain 
is  not  in  my  finger.  And  yet  nothing  is  more  certain  than  that  it  is 
not,  and  cannot  l)o  in  the  s|)ot  in  which  I  feel  it,  nor  within  a  couple 
of  feet  of  that  spot.  For  the  skin  of  the  finger  is  connected  by  a 
buiidlo  of  fine  nervous  fibres,  wliich  run  up  the  whole  length  of  tho 
arm,  with  the  spinal  marrow  and  braiu,  and  wo  know  that  the  feeling 
of  pain  caused  by  the  prick  of  a  pin  is  dependent  on  tho  integrity  of 
those  fibros.  If  they  be  cut  through  close  to  the  spinal  cord,  no  pain 
will  be  felt,  whatever  injury  is  done  to  tho  finger ;  and  if  the  ends 
which  remain  in  connection  with  the  cord  bo  pricked,  the  pain  which 
arises  will  appi^ar  to  liave  its  seat  in  the  finger  just  as  distinctly  as 
before.  Nay,  if  tho  whole  arm  be  cut  off,  the  pain  which  arises  firom 
pricking  the  nerve  stump  will  appear  to  be  seated  in  the  fingers,  just 
as  if  they  were  still  connected  with  the  body. 

It  is  perfectly  obvious,  therefore,  that  the  localization  of  the  pain 
at  the  surface  of  the  body  is  an  act  of  tho  mind.  It  is  an  extradition 
of  that  consciousness,  which  has  its  seat  in  tho  brain,  to  a  definite 
point  of  the  body — which  takes  place  without  our  volition,  and  may 
give  rise  to  ideas  which  are  contrary  to  fact.  Wo  might  call  thm 
extradition  of  consciousness  a  reflex  feeling,  just  as  wo  speak  of  a 
movement  which  is  excited  apart  from,  or  contrary  to,  our  volition,  as 
a  reflex  motion.  Locality  is  no  more  in  the  pin  than  pain  is ;  of  the 
former,  as  of  the  latter,  it  is  true  that  "  its  being  is  to  bo  porcoivod,*' 
and  that  its  existence  apart  from  a  thinking  mind,  is  not  ooncoivabla 

The  foregoing  reasoning  will  be  in  no  way  affected,  if,  instead  of 
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feel  tilings  actually  outside  us,  at  any  rate  we  see  them.  And  it  was 
exactly  this  difficulty  which  presented  itself  to  Berkeley  at  the  outset 
of  his  speculations.  He  met  it,  with  characteristic  boldness,  by  deny- 
ing that  we  do  sec  things  outside  us ;  and,  with  no  less  characteristic 
ingenuity,  by  devising  that  '*  New  Theory  of  Vision  "  which  has  met 
with  wider  acceptance  than  any  of  his  views,  though  it  has  been  the 
subject  of  continual  controversies. 

In  the  *  Principles  of  Human  Knowledge,'  Berkeley  himself  tells 
us  how  he  was  led  to  those  views  which  he  published  in  the  *  Essay 
towards  the  New  Theory  of  Vision.* 

**It  will  bo  objected  tliat  we  see  things  artuallv  without,  or  at  a  distance  from 
MB,  and  which  consequently  do  not  exist  in  the  mind ;  it  being  absurd  timt  those 
thhigs  which  ure  seen  at  the  distance  of  several  miles,  aliould  be  as  near  to  us  as 
our  own  thoughts.  In  answer  to  tliis,  I  desire  it  may  be  considered  that  in  a 
dream  we  do  oft  ]:ierceivc  things  as  existing  at  a  great  distance  off,  and  yot,  for  all 
thiit,  those  things  arc  acknowledged  to  have  their  existence  only  in  the  mind. 

**  But  for  the  fuller  clearing  of  this  point,  it  may  be  worth  while  to  consider  how 
it  is  that  we  ])erceive  distance  and  things  placed  at  a  distance  by  sight.  For  that 
we  should  in  truth  see  extt^rnal  si)aoe  and  bodies  actually  existing  in  it^  some 
nearer,  others  farther  oiT,  seems  to  carry  with  it  some  opposition  to  what  hath  been 
said  of  their  existing  nowhere  without  the  mind.  The  consideration  of  this  diffi- 
culty it  was  that  gaive  birth  to  my  *  Essay  towards  the  New  Theory  of  Vision/ 
which  was  published  not  long  since,  wherein  it  is  shown  that  distance  or  outness 
is  neither  immodiatly  of  itself  |)erc^Mved  by  sight,  nor  yet  apprehended  or  judged 
of  by  lines  and  angles  or  anything  that  hath  any  necessary  connection  with  it; 
but  that  it  is  only  suggested  to  our  thoughts  by  certain  visible  ideas  and  sensations 
attending  vision,  which,  in  their  own  nature,  have  no  manner  of  similitude  or 
relation  cither  with  distance,  or  with  things  placed  at  a  distance ;  but  by  a  connec- 
tion taught  us  by  experience,  th(.;y  come  to  signify  and  suggest  them  to  us,  after 
the  same  manner,  that  words  of  any  language  suggest  the  ideas  they  are  made  to 
btand  for ;  insomuch  that  a  man  born  blind  and  afterwards  made  to  see,  woidd  not, 
at  first  si«:ht,  think  the  things  he  saw  to  be  without  his  mind  or  at  any  distance 
from  him." 

The  key-note  of  the  Essay  to  which  Berkeley  refers  in  this  passage 
is  to  be  found  in  an  italicized  paragraph  of  section  127. 

"  llic  exiensiotif,  ficfuresy  and  motions  jierceived  by  sight  are  fpeciJiccHhj  digtinti 
from  the  ihaa  of  touch  called  by  the  sanui  names;  nor  is  there  any  such  thing  as  an 
idea  or  kind  of  idea  common  to  both  »enHes.*' 

It  will  be  observed  tliat  this  proposition  expressly  declares  that 
extension,  figure,  and  motion,  and  consequently  distance,  are  imme- 
diately perceived  by  siglit  as  well  as  by  touch  ;  but  that  visual  distance, 
extension,  figure,  and  motion,  are  totally  different  in  quality  from  the 
ideas  of  the  same  name  obtained  through  the  sense  of  touch.  And 
other  passages  leave  no  doubt  that  such  was  Berkeley's  meaning. 
Thus  in  the  112th  section  of  the  same  Essay,  he  carefully  defines  the 
two  kinds  of  distance,  one  visual,  the  other  tangible. 

"By  the  distance  between  any  two  points  nothing  more  is  meant  than  the 
number  of  intermo<liate  point**.  If  the  given  points  ore  visible,  the  distance 
between  them  is  marked  (»ut  by  the  number  of  interjacent  visible  points;  if  they 
are  tangible,  the  dLslauee  between  them  is  a  lino  consisting  of  tangible  pohits.*' 
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Again,  there  are  two  sorts  of  magnitude  or  extension  : — 

"  It  has  been  shown  that  there  are  two  sorts  of  objects  apprehended  by  si^ht, 
each  whereof  haa  it8  distinct  magnitude  or  extension  :  the  one  properly  tan^ble, 
I.  c.  to  be  perceived  and  measured  by  touch,  and  not  immediately  falling  under 
the  sense  of  seeing;  the  other  properly  and  immediately  visible,  by  mediation  of 
which  tlio  former  is  brought  into  view." — §  55. 

But  how  are  we  to  reconcile  these  passages  with  others  which  will 
be  perfectly  familiar  to  every  reader  of  the  '  New  Theory  of  Vision '  ? 
As,  for  example  : — 

**  It  is,  I  think,  agreed  by  all,  that  distance  of  itself,  and  immediately,  cannot 
be  seen.*'— §  2. 

**  8(>flce  or  distance,  we  have  shown,  is  not  otherwise  the  object  of  sight  than  of 
hearing."— §  130. 

*•  Distance  is  in  its  own  nature  imperceptible,  and  yet  it  is  perceived  by  sight. 
It  reniains,  therefore,  that  it  is  brought  into  view  by  means  of  some  other  idea, 
that  is  itself  immediately  perceived  in  tlio  act  of  vision." — §  11. 

*'  Distance  or  external  space.'* — §  155. 

The  explanation  is  quite  simple,  and  lies  in  the  fEict  that  Berkeley 
uses  the  word  "  distance  "  in  three  senses.  Sometimes  he  employs  it 
to  denote  visible  distance,  and  then  he  restricts  it  to  distance  in  two 
dimensions,  or  simple  extension.  Sometimes  he  means  tangible  dis- 
tance in  two  dimensions ;  but  most  commonly  he  intends  to  signify 
tangible  distance  in  the  third  dimension.  And  it  is  in  this  sense  that 
he  employs  "  distance  "  as  tlie  equivalent  of  "  space."  Distance  in 
two  dimensions  is,  for  Berkeley,  not  space,  but  extension.  By  taking 
a  iH3ncil  and  interpolating  the  words  "  visible  *'  and  "  tangible  "  before 
"  distance  "  wherever  the  context  renders  them  necessary,  Berkeley's 
statements  may  be  made  perfectly  consistent;  though  he  has  not 
always  extricated  himself  from  the  entanglement  caused  by  his  own 
loose  ])hrascology,  which  rises  to  a  climax  in  the  last  ten  sections  of 
the  *  Theory  of  Vision,'  in  which  he  endeavours  to  prove  that  a  pure 
intelligence  able  to  see,  but  devoid  'of  the  sense  of  touch,  could  have 
no  idea  of  a  plane  figure.     Thus  he  says  in  section  156  : — 

*^  All  tliat  is  properly  perceived  by  the  visual  £icnlty  amounts  to  no  more  than 
colours  with  their  variations  and  different  proportions  of  light  and  shade ;  buC  the 
I)er[K'tual  mutability  and  fleetingness  of  those  immediate  objects  of  sight  render 
them  incapable  of  being  managed  after  the  manner  of  geometrical  fimires,  nor  is  it 
in  nny  degree  useful  that  they  should.  It  is  true  there  bo  divers  of  tnem  j>eroeived 
at  once,  and  more  of  some  and  less  of  others ;  but  accurately  to  compute  their 
magnitude,  and  assign  precise  determinate  proportions  between  things  so  variable 
and  inconstant,  if  wo  sup|)08e  it  possible  to  be  done,  must  yet  be  a  very  trifling  and 
insigniticaut  labour." 

If,  by  this,  Berkeley  means  that  by  vision  alone,  a  straight  line 
cannot  Ik)  distinguished  from  a  curved  one,  a  circle  from  a  square,  a 
long  lino  from  a  short  one,  a  large  angle  from  a  small  one,  his  position 
is  surely  absurd  in  itself  and  contradictory  to  his  own  previously 
cited  admissions  ;  if  he  only  means,  on  the  other  hand,  that  his  pure 
spirit  could  not  got  very  far  on  in  his  geometry,  it  may  be  true  or 
not ;  but  it  is  in  contradiction  with  his  previous  assertion,  that  such  a 
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pnro  ppirit  could  never  attain  to  kno^  as  mnch  as  the  first  elements 
of  piano  geometry. 

Another  Bourco  of  confusion,  which  arises  out  of  Berkeley's  insof- 
ficicnt  exactncHS  in  the  uso  of  language,  is  to  be  found  in  what  he  says 
alxmt  solidity  in  discusHing  Molyneux*B  problem,  whether  a  man  born 
blind,  and  having  learned  to  distinguish  between  a  cube  and  a  sphere, 
cM>uld,  on  receiving  bin  sight,  tell  the  one  from  the  other  by  vision. 
Ik-rkuley  agrees  ^nth  Locke  that  he  could  not,  and  adds  the  following 
reflection  : — 

**  Ciilx',  Hplu-ru,  table  are  wonlit  he  lina  known  applied  to  things  perceivable  by 
touch,  l»iit  t«>  tliiii<::H  ]Xjrf('ctly  intangible  he  never  knew  them  applied.  Those 
wordd  in  tlioir  wontLtl  application  alwa\'8  marked  out  to  hiB  mind  oodles  or  solid 
thinjJTH  which  were  p<TcoiTcil  by  thv  rctsistunce  they  gave.  But  there  ia  no  solidity, 
no  nrtfiiitance  or  protrmdun  ]x^rccivcd  by  eight." 

Hero  "  solidity  "  means  resistance  to  pressure,  which  is  appre- 
hended by  the  muscular  sense ;  but  when  in  section  154  Berkeley 
says  of  his  pure  intelligence — 

*'  It  id  certain  that  the  aforesaid  Intelligence  ooold  have  no  idea  of  a  solid  or 
anantity  of  three  dimenBiomt,  which  folfows  from  its  not  having  any  idea  of 
didtance" — 

he  refers  to  that  notion  of  solidity  which  may  be  obtained  by  the  tac- 
tile Kenso,  without  the  addition  of  any  notion  of  resistance  in  the  solid 
objcK^t ;  as,  fur  example,  when  the  finger  passes  lightly  over  the  sur&ce 
of  a  billiard  ball. 

Yet  another  source  of  difficulty  in  clearly  understanding  Berkeley 
arises  out  of  his  use  of  the  word  ^*  outness."  In  speaking  of  touch  he 
seems  to  emj)l<>y  it  indifferently,  both  for  the  localization  of  a  tactile 
sensation  in  the  sensory  surface,  which  wo  really  obtain  through 
touch ;  and  for  the  notion  of  corporeal  separation,  which  is  attained 
by  the  association  of  muKcular  and  tactile  sensations.  In  speaking  of 
sight,  on  the  other  hand,  Berkeley  employs  ** outness"  to  denote 
corporeal  separation. 

When  duo  allowance  is  made  for  the  occasional  looseness  and 
ambiguity  of  Berkeley's  terminology,  and  the  accessories  are  weeded 
out  of  the  essential  parts  of  his  famous  Essay,  his  views  may,  I  believo, 
be  fairly  aod  accurately  summed  up  in  the  following  propositions : — 

1.  The  sense'  of  touch  gives  rise  to  ideas  of  extension,  figure, 
magnitude,  and  motion. 

2.  The  sense  of  touch  gives  rise  to  tho  idea  of  "  outness,"  in  the 
sense  of  localization. 

3.  The  sense  of  touch  gives  rise  to  tho  idea  of  resistance,  and 
thence  to  that  of  solidity,  in  the  sense  of  impenetmbility. 

4.  The  sense  of  touch  gives  rise  to  the  idea  of  "  outness,"  in  the 
sense  of  distance  in  the  third  dimension,  and  thence  to  that  of  space, 
or  geometrical  solidity. 

5.  The  sense  of  sight  gives  rise  to  ideas  of  extension  of  figure, 
magnitude,  and  motion. 

G.  The  sense  of  sight  does  not  give  rise  to  the  idea  of  "  outness," 
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to  tho  idea  of  remoteness,  and  that  Berkeley's  dictnin  ought  to  be 
rovcraod.  For  I  think  that  anyone  who  interrogates  his  conseionsnea 
ttirt^fiilly  will  find  that  '*  pvery  proper  Tisual  idea  "  appears  to  be  with- 
out the  mind  and  at  a  distance  off. 

Not  only  dtxis  every  vitnhile  appear  to  bo  remote,  but  it  has  a 
position  in  external  space,  just  as  a  tangibiU  appears  to  be  superficial 
and  to  have  a  determinate  position  on  the  surfiu»  of  the  body.  Every 
tlm'bile,  in  fact,  ap|X3ars  (approximately)  to  bo  situated  upon  a  line 
drawn  from  it  to  the  |)oint  of  the  retina  on  which  its  image  falls.  It 
is  rt^forrud  outwards,  in  the  general  direction  of  the  pencil  of  li^t 
by  wliich  it  is  rendered  visible,  just  as,  in  the  experiment  with  the 
stick,  tho  Uimjihile  is  referred  outwards  to  the  end  of  the  stick. 

It  is  fur  this  reason  that  an  object,  viewed  with  both  eyes^  is  seen 
single  and  not  double.  Two  distinct  images  are  formed,  but  each 
image  is  referred  to  that  point  at  which  the  two  optic  axes  intersect ; 
consequently,  tho  two  images  exactly  cover  one  another,  and  appear 
as  eompletely  one  as  any  other  two  exactly  similar  superimposed 
images  would  bo.  And  it  is  for  tho  same  reason,  that,  if  the  ball  of 
the  eye  is  pressed  upon  at  any  point,  a  spot  of  light  appears  apparently 
outside  the  eye,  and  in  a  region  exactly  opposite  to  that  in  which  the 
pressure  is  made. 

But  while  it  seems  to  me  that  there  is  no  reason  to  doubt  that  the 
extradition  of  sensation  is  more  complete  in  the  case  of  the  eye  than 
in  that  of  the  skin,  and  that  corporc^  distinctness,  and  hence  space, 
are  directly  suggested  by  vision,  it  is  another,  and  a  much  more 
difficult  question,  whether  the  notion  of  geometrical  solidity  is  at- 
tainable by  i)ure  vision  ;  tliat  is  to  say,  by  a  single  eye,  all  the  parts 
of  which  are  immovable.  However  this  may  be  for  an  absolutely 
fixed  eye,  I  conceive  there  can  be  no  doubt  in  the  case  of  an  eye  that 
is  movable  and  capable  of  adjustment  For,  with  the  movable  eye, 
the  muscular  stiuse  comes  into  play  in  exactly  the  same  way  as  in  the 
luovable  hand,  and  the  notion  of  change  of  place,  |>/ti8  the  sense  of 
eilbrt,  gives  rise  to  a  conception  of  visuid  space,  which  rims  exactly 
parallel  with  that  of  tangible  space.  When  two  movable  eyes  are 
present,  the  notion  of  space  of  three  dimensions  is  obtained  in  the 
same  way  as  it  is  by  the  two  hands,  but  ynWi  nmch  greater  precision. 

And  if,  to  take  a  case  similar  to  one  alreo^ly  assumed,  wo  suppose 
u  man  deprived  of  every  sense  except  vision,  and  of  all  motion  except 
that  of  his  eyes,  it  surely  cannot  bo  doubted  that  ho  would  have 
a  peifect  conception  of  space ;  and  indeed  a  much  more  perfect  con- 
ce]>ti(m  than  he  who  possessed  touch  alone  without  vision.  But  of 
course  our  touchless  man  would  be  devoid  of  any  notion  of  resistance ; 
and  hence  space,  for  him,  would  bo  altogether  geometrical  and  devoid 
of  body. 

And  here  another  curious  consideration  arises,  what  likeness,  if 
any,  would  there  Ix;  between  the  visual  space  of  tlie  one  man,  and 
the  tangible  space  of  tlie  other  ? 

Berkeley,  as  wo  havo  seen  (in  tho  eighth  proposition),  declares 
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that  there  is  no  likeness  between  the  ideas  given  by  sight  and  those 
given  by  touch ;  and  one  cannot  but  agree  with  him,  so  long  as  the 
term  ideas  is  restricted  to  mere  sensations.  Obviously,  there  is  no 
more  likeness  between  the  feel  of  a  surfEice  and  the  colour  of  it,  than 
there  is  between  its  colour  and  its  smell.  All  simple  sensations, 
derived  from  different  senses,  are  incommensurable  with  one  another, 
and  only  gradations  of  their  own  intensity  are  comparable.  And 
thus  so  far  as  the  primary  facts  of  sensation  go,  visual  figure  and 
tactile  figure,  visual  magnitude  and  tactile  magnitude,  visuid  motion 
and  tactile  motion,  are  truly  unlike,  and  have  no  common  term. 
But  when  Berkeley  goes  further  than  this,  and  declares  that  there 
are  no  '*  ideas  "  common  to  the  *'  ideas  '*  of  touch  and  those  of  sight, 
it  appears  to  me  that  he  has  fallen  into  a  great  error,  and  one  which 
is  the  chief  source  of  his  paradoxes  about  geometry. 

Berkeley  in  fact  employs  the  word  *'idea*'  in  this  instance  to 
denote  two  totally  different  classes  of  feelings,  or  states  of  conscious- 
ness. For  these  may  be  divided  into  two  groups,  the  primary  feelings 
which  exist  in  themselves  and  without  relation  to  any  other,  such  as 
pleasure  and  pain,  desire,  and  the  simple  sensations  obtained  through 
the  sensory  organs ;  and  the  secondary  feelings,  which  express  those 
relations  of  primary  feelings  which  are  perceived  by  the  mind ;  and 
the  existence  of  which,  therefore,  implies  the  pre-existenoe  of  at  least 
two  of  the  primary  feelings.  Such  are  likeness  and  unlikeness  in 
quality,  quantity,  or  form ;  succession  and  contemporaneity;  contiguity 
and  distance  ;  cause  and  effect ;  motion  and  rest. 

Now  it  is  quite  true  that  there  is  no  likeness  between  the  primary 
feelings  which  are  grouped  under  sight  and  touch  ;  but  it  appears  to 
me  wholly  untrue,  and  indeed  absurd,  to  affirm  that  ittcxe  is  no  like- 
ness between  the  secondary  feelings  which  express  the  relations  of 
the  primary  ones. 

The  relation  of  succession  perceived  between  the  visible  taps  of  a 
hammer,  is,  to  my  mind,  exactly  like  the  relation  of  succession  between 
the  tangible  taps ;  the  unlikeness  between  red  and  blue  is  a  mental 
phenomenon  of  the  same  order  as  the  unlikeness  between  rough  and 
smooth.  Two  points  visibly  distant  are  so,  because  one  or  more  units 
of  visible  length  {minima  visibilia)  are  interposed  between  them ; 
and  as  two  points  tangibly  distant  are  so,  because  one  or  more  units 
of  tangible  length  (minima  tangibilia)  are  interposed  between  them, 
it  is  clear  that  the  notion  of  interposition  of  units  of  Sensibility,  or 
minima  sensibilia,  is  an  idea  common  to  the  two.  And  whether  I  see 
a  point  move  across  the  field  of  vision  towards  another  point,  or  feel 
the  like  motion,  the  idea  of  the  gradual  diminution  of  the  number 
of  sensible  units  between  the  two  points  appears  to  me  to  be  common 
to  both  kinds  of  motion. 

Hence  I  conceive  that  though  it  be  true  that  there  is  no  likeness 
between  the  primary  feelings  given  by  sight  and  those  given  by 
touch,  yet  there  is  a  complete  likeness  between  the  secondary  feelings 
aroused  by  each  sense. 
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Indeed,  if  it  were  not  so,  how  could  logic,  which  deals  with  those 
forms  of  thought  which  are  applicahle  to  every  kind  of  sabject-mattefy 
bo  possible  ?  How  could  numerical  proportion  be  as  true  of  visibilia, 
as  of  tangibilia,  unless  there  were  some  ideas  common  to  the  two  ? 
And  to  come  directly  to  the  heart  of  the  matter,  is  there  any  .more 
difference  between  the  relations  between  tangible  sensations  which  we 
call  place  and  direction,  and  those  between  visible  sensations  whidi  go 
by  the  same  name,  than  there  is  between  those  relations  of  tangible  and 
visible  sensations  which  we  call  succession  ?  And  if  there  be  none, 
why  is  geometry  not  just  as  much  a  matter  of  visibiUa  as  of  tangibilia  f 

Moreover,  as  a  matter  of  iactj  it  is  certain  that  the  mnscnlar 
sense  is  so  closely  connected  with  both  the  visual  and  the  tactile  aenseB, 
that,  by  the  ordinary  laws  of  association,  the  ideas  which  it  snggestB 
must  needs  be  common  to  both. 

From  what  has  been  said  it  will  follow  that  the  ninth  'proposition 
falls  to  the  ground;  and  that  vision,  combined  with  the  mnscnlar 
sensations  produced  by  the  movement  of  the  eyes,  gives  os  as  com- 
plete a  notion  of  corporeal  separation  and  of  distance  in  the  third 
dimension  of  space,  as  touch,  combined  with  the  muscular  sensations 
produced  by  the  movements  of  the  hand,  does.  The  tenth  proposition 
seems  to  contain  a  perfectly  true  statement,  but  it  is  only  half  the 
truth.  It  is  no  doubt  true  that  our  visual  ideas  are  a  kind  of  language 
by  which  we  are  informed  of  the  tactile  ideas  which  may  or  will  arise 
in  us  ;  but  this  is  true,  more  or  less,  of  ever^  sense  in  regard  to  every 
other.  If  I  put  my  hand  in  my  pocket,  the  tactile  ideas  which  I 
receive  prophesy  quite  accurately  what  I  shall  see — whether  a  bonch 
of  keys  or  half-a-crown — when  I  pull  it  out  again ;  and  the  tactile 
ideas  arc,  in  this  case,  the  language  which  informs  me  of  the  visual 
ideas  which  will  arise.  So  with  the  other  senses  ;  olfactory  ideas  tell 
me  I  shall  find  the  tactile  and  visual  phenomena  called  violets,  if  I 
look  for  them ;  taste  tells  me  that  what  I  am  tasting  will,  if  I  look 
at  it,  have  the  form  of  a  clove ;  and  hearing  warns  me  of  what  I 
shall,  or  may,  see  and  touch  every  minute  of  my  life. 

But  while  the  *  New  Theory  of  Vision '  cannot  be  considered  to 
possess  much  value  in  relation  to  the  immediate  object  its  author  had 
in  view,  it  had  a  vastly  important  influence  in  directing  attention  to 
the  real  complexity  of  many  of  those  phenomena  of  sensation,  which 
appear  at  first  to  be  simple.  And  even  if  Berkeley  was,  as  I  imagine 
he  was,  quite  wrong  in  supposing  that  we  do  not  see  space,  the  contrary 
doctrine  makes  quite  as  strongly  for  his  general  view,  that  space  can 
be  conceived  only  as  something  thought  by  a  mind. 

The  last  of  Locke's  "  primary  qualities  "  which  remain  to  be  con- 
sidered is  mechanical  solidity  or  impenetrability.  But  our  conception 
of  this  is  derived  from  the  sense  of  resistance  to  our  own  effort,  or 
active  force,  which  we  meet  with,  in  association  with  sundry  tactile  or 
visual  phenomena;  and,  undoubtedly,  active  force  is  inconceivable 
except  as  a  state  of  consciousness.  This  may  sound  paradoxical ;  but 
let  anyone  try  to  realize  what  he  means  by  the  mutual  attraction  of 
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which  his  answer  was,  a  great  tortoiae.  But  being  again  pressed  to  know  what 
gave  support  to  the  broad-backed  tortoise  ?  replied,  something,  he  knew  not  what. 
And  thus  here,  as  in  all  other  oases  when  we  use  words  without  having  dear  and 
distinct  ideas,  we  talk  like  children,  who,  being  questioned  what  such  a  thing  is, 
readily  give  this  satisfactory  answer,  that  it  is  something ;  which  in  tmth  signi- 
fies no  more  when  so  used  either  by  cliildren  or  men,  but  that  they  know  not  what, 
and  that  the  thing  they  pretend  to  talk  and  know  of  is  what  they  have  no  dis- 
tinct idea  of  at  all,  and  are,  so,  perfectly  ignorant  of  it  and  in  the  dark.  The  Idea 
then,  we  have,  to  which  we  give  the  general  name  substance,  being  nothing  but 
the  supposed  but  unknown  support  of  those  qualities  we  find  existing,  whidi  we 
imagine  cannot  exist  tine  re  sukitanle^  without  something  to  support  theni,  we  call 
that  support  KubtUintiaL,  which,  according  to  the  true  import  of  the  word,  ia»  in  plain 
English,  standing  under  or  upholding/^ 

I  cannot  but  believe  that  the  judgment  of  Locke  is  that  which 
philosophy  will  accept  as  her  filial  decision. 

Suppose  that  a  piano  were  conscious  of  sound  and  of  nothing  else? 
It  would  become  acquainted  with  a  system  of  nature  entirely  composed 
of  sounds,  and  the  laws  of  nature  would  be  the  laws  of  melody  and  of 
harmony.  It  might  acquire  endless  ideas  of  likeness  and  unlikeness,  of 
succession,  of  similarity  and  dissimilarity,  but  it  could  attain  to  no  con- 
ception of  space,  of  distance,  or  of  resistance,  or  of  figure,  or  of  motion. 

The  piano  might  then  reason  thus :  All  my  knowledge  consists  of 
sounds  and  the  perception  of  the  relations  of  sounds ;  now  the  being 
of  sound  is  to  be  hewl ;  and  it  is  inconceivable  that  the  existence  of 
the  sounds  I  know,  should  depend  upon  any  other  existence  than  that 
of  the  mind  of  a  hearing  being. 

This  would  be  quite  as  good  reasoning  as  Berkeley's,  and  very 
sound  and  useful,  so  far  as  it  defines  the  limits  of  the  piano's  fsMSulties. 
But  for  all  that,  pianos  have  an  existence  quite  apart  from  sotrnds,  and 
the  auditory  consciousness  of  our  speculative  piano  would  be  depen- 
dent, in  the  first  place,  on  the  existence  of  a  *'  substance  "  of  brass, 
wood,  and  iron,  and,  in  the  second,  on  that  of  a  musician.  But  of 
neither  of  these  conditions  of  the  existence  of  his  consciousness  would 
the  phenomena  of  that  consciousness  afford  him  the  slightest  hint. 

So  that  while  it  is  the  summit  of  human  wisdom  to  learn  the  limit 
of  our  faculties,  it  may  be  wise  to  recollect  that  wo  have  no  more  right 
to  make  denials,  than  to  put  forth  afitenatives  about  what  lies  beyond 
that  limit.  Whether  either  mind,  or  matter,  have  a  **  substance  "  or 
not,  is  a  problem  which  we  are  incompetent  to  discuss ;  and  it  is  just 
as  likely  that  the  common  notions  about  the  matter  should  be  correct 
as  any  others.  Indeed,  Berkeley  himself  makes  Philonous  wind  up 
his  discussions  with  Hylas  in  a  couple  of  sentences  which  aptly  express 
this  conclusion : — 

•'  You  see,  Hylos,  the  water  of  yonder  fountain,  how  it  is  forced  upwards  in  a 
round  column  to  a  certain  height,  at  which  it  breaks  and  falls  back  into  the  basin 
from  whence  it  rose :  its  ascent  as  well  as  its  descent  proceeding  from  the  same 
uniform  law  or  principle  of  gravitation.  Just  so,  the  same  principles  Wtdch,  at 
first  view,  lead  to  scepticism,  pursued  to  a  certain  point,  bring  men  back  to 


common  sense.'' 


[T.  H.  H.1 


*  Locke, '  Hnman  Understanding,'  Book  II.,  chap,  zxiii.,  §  2. 
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but  great  angles  of  roll  occapj  longer  perioda  than  amalL*  Henoe,  aap- 
posing  a  ship  to  encounter  waves  of  a  period  eqnal  or  nearly  equal  to 
her  own  natural  period  for  small  angles  of  roU,  her  angle  of  rolling 
is  at  first  progressiyely  increased ;  bat  at  the  same  time  her  natond 
periodic  time  of  rolling  is  increaised,  until  it  is  no  longer  equal  or 
nearly  equal  to  the  periodic  time  of  the  waves;  and  thus  she  in  a 
manner  Audes  the  duiger  arising  from  coincidence  of  periods.  In 
order,  however,  that  this  safeguard  may  act  efBiciently,  it  is  essential 
that  ihe  natural  period  of  the  ship  for  the  smallest  angloB  of  roll  should 
not  be  less  than  the  period  of  the  waves ;  otherwise  the  first  effect  of 
the  progressive  increase  of  angle  will  be,  not  to  destroy,  but  to  pro- 
duce coincidence  of  period ;  and  the  result  will  be  great  unsteadiness 
of  motion,  and  possibly  great  danger. 

The  speaker  described  the  above  principles  as  being  the  latest 
additions  to  our  knowledge  of  the  theory  of  the  relations  between 
ships  and  sea-waves ;  and  he  illustrated  them  by  means  of  experiments 
on  a  machine  so  constructed  as  to  imitate  the  dynamical  condition  of 
a  ship  rolling  amongst  waves. 

[W.  J.  M.  B.] 
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Thomas  Andrews,  M.D.  F.B.S. 

VICS-PRSSIDEMT   OF    QUKSN's   COLLBOE,    BKLTAST, 

On  the  Oaseaus  and  Liquid  States  of  MaUer. 

The  liquid  state  of  matter  forms  a  link  between  the  solid  and  gaseous 
states.  This  link  is,  however,  often  suppressed,  and  the  solid  passes 
directly  into  the  gaseous  or  vaporous  form.  In  the  intense  cold  of  an 
Arctic  winter  hard  ice  will  gradually  change  into  transparent  vapour 
without  previously  assuming  the  form  of  water.  Carbonic  acid  snow 
passes  rapidly  into  gas  when  exposed  to  the  air,  and  can  with  difGl- 

*  Note  (added  2nd  June). — An  exception  to  this  role  exists  in  the  case  of  that 
form  of  ship  known  as  tlie  "  Symondite/'  in  which  the  sides  flare  ont  at  and  near 
the  water-line,  so  as  to  make  the  stiffiiees  increase  faster  than  the  angle  of  heel. 
In  such  ships  the  period  of  rolling  afiortens  when  tiie  angle  increases ;  and  thua 
the  well-known  unsteadiness  of  large  vessels  of  that  model  is  accounted  for.  In 
a  small  boat,  whose  natural  periodic  time  for  the  smallest  angle  of  roll  is  diorter 
than  that  of  any  of  the  waves  which  she  encounters,  the  Symondite  model  does 
not  promote  unsteadiness ;  for  the  shortening  of  the  -natural  period  of  rolling 
removes  it  farther  from  coincidence  with  the  period  of  the  waves. 
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heating  it  considerably,  the  temperature  is  quickly  lowered.  This 
phenomenon  was  first  described  by  myself  in  1863,  as  it  is  seen  in 
carbonic  acid,  which  has  been  partially  liquefied  by  pressure,  and 
afterwards  heated  a  little  above  81^.  It  may  be  observed  on  a  larger 
scale  and  to  great  advantage  by  heating  such  liquids  as  sulphurous 
acid  or  ether  in  hermetically-sealed  tubes. 

The  experiments  whose  results  I  am  about  to  describe  have 
occupied  me  for  a  period  of  fully  ten  years ;  they  involved  the  con- 
struction of  novel  forms  of  apparatus,  in  which  the  properties  of 
matter  might  be  studied  under  varied  conditions  of  temperature  and 
pressure,  such  as  had  never  been  realized  before.  In  my  earlier 
attempts  I  endeavoured,  as  others  had  already  done,  to  use  the 
expansive  force  of  the  mixed  gases  which  are  disengaged  in  the 
electrolysis  of  water ;  and  I  was  able  in  this  way  to  obtain  pressures 
of  X50  atmospheres  and  even  more  in  glass  tubes ;  but  the  method 
was  in  many  respects  defective,  and  more  than  one  dangerous 
explosion  occurred,  so  that  I  eventually  abandoned  it. 

In  the  apparatus  finally  adopted,  the  gas  to  be  compressed  is 
enclosed  in  a  long  glass  tube,  of  which  the  greater  part  of  the  length, 
or  about  450  millimotros,  has  a  capillary  bore,  and  the  remainder, 
about  150  millimetres,  an  internal  diameter  of  2  millimetres.  The 
free  capillary  end  is  sealed,  while  the  gas  in  a  pure  and  dry  state  is 
passing  through;  while  at  the  other  end  the  gas  is  confined  by  a 
movable  column  of  mercury.  The  details  of  the  method  by  which 
this  is  accomplished  will  be  found  in  the  Bakerian  lecture  for  1869, 
to  which  I  must  also  refer  for  an  account  of  the  process  by  which 
the  original  volume  of  the  gas  at  the  freeziug  point  of  water  and 
under  one  atmosphere  of  pressure  was  determined,  and  also  the 
volumes  of  the  same  gas  deduced  £rom  the  observed  measure- 
ments when  it  was  compressed  at  different  pressures  in  the  capillary 
tube. 

A  conical  protuberance  on  the  cajiillary  part  of  the  tube,  a  little 
above  its  jimction  with  the  wider  part,  corresponded  as  nearly  as  pos- 
sible with  a  hollow  cone  in  a  stout  brass  flange,  the  joint  being 
rendered  perfectly  tight  by  careful  packing.  The  body  of  the  apparatus 
consisted  of  two  cold-drawn  copper  tubes  of  great  strength,  to  the  ends 
of  which  four  massive  brass  flanges  were  firmly  attached.  Two  cor- 
responding flanges  or  end  pieces,  each  carrying  a  fine  steel  screw  packed 
with  great  care,  were  bolted  on  the  lower  flanges.  The  success  of  the 
experiments  depended  greatly  on  the  packing  of  this  screw.  It  was 
efleeted  by  means  of  a  number  of  leather  washers,  tightly  pressed  down 
and  saturated  in  vacuo  with  melted  lard.  The  apparatus  was  now  filled 
with  water ;  the  flanges  with  the  glass  tubes,  one  containing  the  gas  to 
be  examined,  the  other  air  or  hydrogen  to  act  as  a  manometer  or 
measure  of  the  pressure,  were  bolted  down  upon  the  upper  flanges  of 
the  copper  tubes.  The  joints  had  always  leather  washers  interposed ; 
and  when  sufficiently  tightened,  they  resisted  any  pressure  which  could 
be  applied,  even  for  an  indefinite  time.     The  two  copper  tubes  were 
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designated  the  "  critical "  point.  The  appearances  exhibited  by  ^ 
ascending  and  descending  sheets  of  matter  of  unequal  density  are 
most  remarkable,  but  must  be  seen  in  order  to  be  understood.  They 
only  occur  in  this  striking  form  in  fluids  heated  a  little  above  the 
critical  point,  and  are  produced  by  the  great  changes  of  density  which 
slight  variations  of  pressure  or  temperature  produce  in  this  case. 
They  are  always  a  clear  proof  that  ue  matter  in  the  tube  is  homo- 
geneous, and  that  we  have  not  liquid  and  gas  in  presence  of  one 
another.  These  stri®  are  in  short  only  an  extraordinary  deyelopment 
of  the  movements  scon  in  ordinary  liquids  and  gases  when  they  are 
heated  £rom  below.  I'he  experiments  to  bo  immediately  deBoribed 
will  explain  their  great  intensity  above  the  critical  point. 

When  the  temperature  falls  below  the  critical  point,  the  formation 
of  a  cloud  indicates  that  we  have  now  heterogeneous  matter  in  the 
tube,  fine  drops  of  liquid  in  presence  of  a  gas.  We  must  take  care, 
however,  not  to  suppose  that  a  doud  necessarily  precedes  the  forma- 
tion of  true  liquid.  If  the  pressure  be  sufficiently  great  no  doud  of 
any  kind  will  form. 

I  now  proceed  to  describe  the  general  results  of  the  experiments 
upon  carbonic  acid.  If  a  certain  volume  of  carbonic  add  at  the  tem- 
perature of  13^*  1  and  under  a  pressure  of  one  atmosphere  be  expoeed 
to  a  gradually-increasing  pressure,  its  volume  will  steadily  diminiahj 
but  at  a  faster  rate  than  according  to  Boyle's  law,  till  at  the  pressure 
of  48  *  9  atmospheres  its  volume  is  reduced  to  about  -^^  ^^  ^^  original 
volume  at  one  atmosphere.  LiquefiEustion  now  begins  and  continues 
with  very  slight  augmentation  of  pressure,  the  necessity  for  which  I 
traced  to  the  presence  of  a  minute  quantity  of  air  (about  ^^th  part) 
in  the  carbonic  acid.  On  augmenting  the  pressure  after  liquefacticm, 
the  volume  slowly  diminished,  but  at  a  much  faster  rate  than  in  the 
case  of  ordinary  liquids.  Later  experiments  carried  to  much  higher 
pressures  have  folly  confirmed  this  result.  At  21° '5  similar  results 
were  obtained,  but  a  pressure  of  nearly  60  atmospheres  was  required 
before  liquefaction  began. 

At  80° -9  C,  or  87° -7  Fahr.,  the  critical  point  of  temperature  is 
reached.  It  is  the  temperature  at  which  liquid  ceases  to  be  formed 
under  any  pressure.  At  a  temperature  a  little  below  this  point  the 
surface  of  separation  between  liquid  and  gas  becomes  very  faint  and 
loses  its  curvature,  the  density  and  other  physical  properties  of  the 
liquid  and  gas  being  now  identical  and  the  tube  filled  with  homo- 
geneous matter.  If  the  temperature  and  pressure  be  kept  steady,  no 
evidence  of  heterogeneity  will  be  obtained  by  optical  tests  under  the 
most  varied  conditions  of  volume. 

If  wo  now  follow  the  course  of  a  given  volume  of  carbonic  add  gas 
at  31°- 1,  or  0°-2  above  the  critical  point,  we  shall  find  that  its  course 
resembles  that  of  the  gas  at  lower  temperatures  till  the  volume  is 
reached  at  which  liquefaction  might  be  expected  to  begin.  A  rapid 
but  not  (as  In  tlio  case  of  the  formation  of  liquid)  abrupt  fall  then 
supervenes,  after  which  the  carbonic  acid  undergoes  a  dow  diminution 
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I  hayo  froqnontly  efxpoeed  oarbonio  tdd,  without  nuJdng  precifle 
measurements,  to  much  higher  pressures  than  any  of  the  forgoing, 
and  have  made  it  pass  without  break  or  interruption  firom  what  is 
regarded  by  every  one  as  the  gaseous  state,  to  what  is,  in  like  manner, 
universally  regarded  as  the  liquid  state.  Take,  for  example,  a  given 
volume  of  carbonic  acid  gas  at  50^  C,  or  at  a  higher  temperature,  and 
expose  it  to  increasing  pressure  till  150  atmospheres  have  been 
reached.  In  this  process  its  volume  will  steadily  diminish  as  the 
pressure  augments,  and  no  sudden  diminution  of  volume,  without  the 
application  of  external  pressure  will  occur  at  any  stage  of  it.  When 
the  fall  pressure  has  l^en  applied,  let  the  temperature  be  allowed 
to  fall  tUl  the  carbonic  acid  has  reached  the  ordinary  temperature 
of  the  atmosphere.  During  the  whole  of  this  operation  no  breooh  of 
continuity  has  occurred.  It  begins  with  a  gas,  and  by  a  series  of 
gradual  changes,  presenting  nowhere  any  abrupt  alteration  of  volume 
or  sudden  evolution  of  heat,  it  ends  with  a  liquid.  The  doeest 
observation  fails  to  discover  anywhere  indications  of  a  change  of 
condition  in  the  carbonic  acid,  or  evidence,  at  any  period  of  the  pro- 
cess, of  part  of  it  being  in  one  physical  state  and  part  in  anotiier. 
That  the  gas  has  actually  changed  into  a  liquid  would,  indeed,  never 
have  been  suspected,  had  it  not  shown  itself  to  be  so  changed  by 
entering  into  ebullition  on  the  removal  of  the  pressure.  For  con*' 
vonience,  this  process  has  been  divided  into  two  stages,  the  com- 
pression of  the  carbonic  acid  and  its  subsequent  cooling;  but  these 
operations  might  have  been  performed  simtdtaneously,  if  care  were 
taken  so  to  arrange  the  application  of  the  pressure  and  the  rate  of 
cooling,  that  the  pressure  should  not  be  less  than  76  atmospheres 
when  the  carbonic  acid  had  cooled  to  31^. 

We  are  now  prepared  for  the  consideration  of  the  following 
important  question.  What  is  the  condition  of  carbonic  acid  when  it 
passes,  at  temperatures  above  31°,  from  the  gaseous  state  down  to  the 
volume  of  the  liquid,  without  giving  evidence  at  any  part  of  the  pro- 
cess of  liquefaction  having  occurred  ?  Does  it  continue  in  the  gaseous 
state,  or  does  it  liquefy,  or  have  we  to  deal  with  a  new  condition 
of  matter?  If  the  experiment  were  made  at  100%  or  at*  a  higher 
temperature,  when  all  indications  of  a  fall  had  disappeared,  the  pro- 
bable answer  which  would  be  given  to  this  question  is  that  the  gas 
preserves  its  gaseous  condition  during  the  compression;  and  few 
would  hesitate  to  declare  this  statement  to  be  true,  if  the  pressure 
were  applied  to  such  gases  as  hydrogen  or  nitrogen.  On  the  other 
hand,  when  the  experiment  is  made  with  carbonic  acid  at  tempera- 
tures a  little  above  31°,  the  great  fall  which  occurs  at  one  period  of 


temperatures  13^-1,  21° -5,  31°- 1,  35'^-5,  and  48° -1  centigrade,  from  which  it  was 
constructed,  are  shown  drawn  in  their  proper  places.  The  model  admits  of  easily 
exhibiting  in  due  relation  to  one  another  a  second  set  of  curves  in  which  each 
curve  woulii  be  for  a  constant  pressure,  and  in  which  the  co-ordinates  would  re- 
present temperatures  and  corresponding  volumes.  It  serves  generally  as  an  aid 
towards  bringing  the  whole  subject  clearly  before  the  mind.*' 
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tinnoiui.  .  If  mercnry  as  a  liquid  is  opaque  and  as  ft  gas  is  tranmienl^ 
the  red  and  transluoent  bromine,  on  tiie  other  hand,  when  heated  above 
the  critical  point,  becomes  so  opaque  as  almost  to  resemble  ft  mftss  of 
resin.  Frankland  has  shown  that  the  flame  of  hydrogen  becomes  oon- 
tinuous  when  the  gas  is  burned  under  a  pressure  of  20  fttmospheres, 
and  these  experiments  have  been  since  extended  by  the  ssme  able 
chemist  and  Lockyer.  We  must  not,  however,  suppose  thftt  one  inter* 
mediate  state  exists  between  liquid  and  gas ;  on  the  contrary,  an  infimite 
succession  of  intermediate  states  may  truly  be  said  to  connect  the  liquid 
proper  and  the  gas  proper ;  in  other  words,  the  panage  is  continuous. 
When  the  criti^  point  is  attained,  the  density  of  the  liquid  and  gas 
becomes  the  same,  and  the  tube  is  filled  with  homogeneous  mfttter. 

As  regards  the  question  of  the  continuity  of  the  solid  and  liquid 
states,  it  would  be  necessary,  in  order  to  establish  this  continuity,  to 
obtain,  by  the  combined  action  of  heat  and  pressure,  the  soUd  and 
liquid  of  the  same  density  and  of  like  physical  properties.  To  aooom- 
pllsh  this  result  will  probably  require  pressures  far  beyond  any  which 
can  b^  reached  in  transparent  tubds ;  but  it  may  be  possible  to  show 
by  experiment  that  the  solid  and  liquid  can  be  made  to  approach  to  the 
required  conditions. 

[T.A.] 
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John  Ttndall,  Esq.  LLJ).  FJ2.S. 

rROFBSSOH  OV  VATUMJLL  PHILCMOrHT,  ItOTAL  URITUTIUV, 

On  Dust  and  Smoke. 

jLmn  a  few  preliminary  experiments  illnstratiTe  of  the  polarization 
of  light,  Professor  Tyndall  adverted  to  the  polarisation  of  light  by 
fine  dost,  by  the  sky,  and  by  the  ooarser  partioles  of  smoke.  In  the 
former  the  direction  of  marimiim  polarization,  as  in  the  case  of  the 
sky,  is  at  right  angles  to  the  illuminating  beam.  In  the  latter, 
according  to  the  observations  of  Govi,  the  maximnm  quantity  of 
polarized  light  was  discharged  obliquely  to  the  beam.  Govi's  obeer- 
Tation  of  a  neutral  point  in  such  beam,  on  one  side  of  which  the 
polarization  was  positiye  and  on  the  other  side  negativei  was  also 
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referred  to.  The  additional  fact  was  then  adduced  that  the  positicm 
of  the  neutral  point  varied  with  the  density  of  the  smoke.  Begmning, 
for  example,  with  an  atmosphere  thickened  by  the  dense  fumes  o£ 
incense,  resin,  or  gmipowdor,  and  observing  the  neutral  point,  its 
direction  was  first  observed  to  be  inclined  to  the  beam  towards  the 
source  of  illumination.  Opening  the  windows  so  as  to  allow  the 
smoke  to  escape  gradually,  the  neutral  point  moved  down  the  beam, 
passed  the  end  of  a  normal  drawn  to  the  beam  from  the  eye,  and 
gradually  moved  forward  several  feet  down  the  beam.  The  speaker 
did  not  halt  at  these  observations ;  they  were  introduced  as  the  starting- 
point  of  inquiries  of  a  different  nature,  and  after  their  introduction 
the  discourse  proceeded  thus  : — 

But  what,  you  may  ask,  is  the  practical  good  of  these  curiosities? 
And  if  you  so  ask,  my  object  is  in  some  senses  gained,  for  I  intended 
to  provoke  this  question.  I  confess  that  if  we  exclude  the  interest 
attached  to  the  observation  of  new  facts,  and  the  enchancement  of  that 
interest  through  the  knowledge  that  by-and-by  the  facts  will  become 
the  exponents  of  laws,  these  curiosities  are  in  themselves  worth  nothing. 
They  will  not  enable  us  to  add  to  our  stock  of  food,  or  drink,  or  clothes, 
or  jewellery.  But  though  thus  shorn  of  all  usefulness  in  them- 
selves, they  may,  by  leading  the  mind  into  places  which  it  would 
not  otherwise  have  entered,  become  the  antecedents  of  practical  conse- 
quences. In  looking,  for  example,  at  this  illuminated  dust,  we  may 
ask  ourselves  what  it  is.  How  does  it  act,  not  upon  a  beam  of  light, 
but  upon  our  own  lungs  and  stomachs?  The  question  at  once 
assumes  a  practical  character.  We  find  on  examination  that  this  dust 
is  organic  matter — in  part  living,  in  part  dead.  There  are  among  it 
particles  of  ground  straw,  torn  rags,  smoke,  the  pollen  of  flowers,  the 
spores  of  fungi,  and  the  germs  of  other  things.  But  what  have  they 
to  do  with  the  animal  economy?  Lot  me  give  you  an  illustration 
to  which  my  attention  has  been  lately  drawn  by  Mr.  Greorge  Henry 
Lewes,  who  writes  to  mo  thus : — 

"I  wish  to  direct  your  attention  to  the  experiments  of  Von 
Becklingshausen  should  you  happen  not  to  know  them.  They  are 
striking  confirmations  of  what  you  say  of  dust  and  disease.  Last 
spring,  when  I  was  at  his  laboratory  in  Wiirzburg,  I  examined  with 
him  blood  that  hod  been  three  weeks,  a  month,  and  five  weeks,  out  of 
the  body,  preserved  in  little  porcelain  cups  under  glass  shades.  This 
blood  was  living  and  growing.  Not  only  wore  the  Amoeba-like  move- 
ments of  the  white  corpuscles  present,  but  there  were  abundant 
evidences  of  the  growth  and  development  of  the  corpuscles.  I  also 
saw  a  frog's  heart  still  pulsating  which  had  been  removed  from  the 
body  (I  forgot  how  many  days,  but  certainly  more  than  a  week). 
There  were  other  examples  of  the  same  persistent  vitality  or  absence 
of  putrefaction.  Yon  Becklingshausen  did  not  attribute  this  to  the 
absence  of  germs— germs  were  not  mentioned  by  him;  but  when  I 
asked  him  how  he  represented  the  thing  to  himself^  he  said  the  whole 
mystery  of  his  operation  consisted  in  keeping  the  blood  yree/rom  dirt. 
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ooontry  with  snch  striking  sncoess  by  Professor  Lister.  They  pcHiit,  if 
tme,  to  a  caase  distmct  from  bad  lymph  for  the  fiulnres  and  oooasioiial 
mifichiof  incidental  to  vaccination ;  and  if  followed  np  they 'may  be  the 
means  of  leaving  the  irrational  opposition  to  vaccination  no  gromid  to 
stand  upon,  by  removing  even  the  isolated  cases  of  iignry  on  which 
the  oppouonts  of  the  practice  rely. 

Wo  are  now  assuredly  in  the  midst  of  practical  mattera  With 
yonr  permission  I  will  recur  once  more  to  a  question  which  has  re- 
cently occupied  a  good  deal  of  public  attention.  Ton  know  that  as 
regards  the  lowest  forms  of  life,  the  world  is  divided,  and  has  lor  a 
long  time  been  divided,  into  two  parties,  the  one  affirming  that  yon 
have  only  to  submit  absolutely  dead  matter  to  certain  physical  condi- 
tions to  evolve  from  it  living  things ;  the  other,  without  wishing  to 
set  bounds  to  the  power  of  matter,  affirming  that  in  our  day  no  life  has 
ever  been  found  to  arise  independently  of  pre-existing  life.  Many  of 
you  are  aware  that  I  belong  to  the  party  which  claims  life  as  a  deri- 
vative of  life.  The  question  has  two  &ctors :  the  evidence,  and  the 
mind  that  judges  of  the  evidence ;  and  you  will  not  forget  that  it  may 
be  purely  a  mental  set  or  bias  on  my  part  that  causes  me  thronghout 
this  discussion  from  beginning  to  end,  to  see  on  the  one  side  dubious 
facts  and  defective  logic,  and  on  the  other  side  firm  reasoning  and  a 
knowledge  of  what  rigid  experimental  inquiry  demands.  But  judged 
of  practically,  what,  again,  has  the  question  of  Spontaneous  Generation 
to  do  with  us  ?  Let  us  see.  There  are  numerous  diseases  of  men  and 
animals  that  are  demonstrably  the  products  of  parasitic  life,  and  such 
diseases  may  take  the  most  terrible  epidemic  forms,  as  in  the  case  of 
the  silkworms  of  France  in  our  day.  Now  it  is  in  the  highest  degree 
important  to  know  whether  the  parasites  in  question  are  spontaneously 
developed,  or  are  wafted  from  witibout  to  those  afflicted  with  the  disease. 
The  means  of  prevention,  if  not  of  cure,  would  be  widely  different  in 
the  two  cases. 

But  this  is  by  no  moans  all.  Besides  these  universally  admitted 
cases,  there  is  the  broad  theory  now  broached  and  daily  growing  in 
strength  and  clearness — daily,  indeed,  gaining  more  and  more  of  assent 
from  the  most  successful  workers  and  profound  thinkers  of  the  medi- 
cal profession  itself — the  theory,  namely,  that  contagious  disease 
generally  is  of  this  parasitic  character.  If  I  had  heard  or  read  any- 
thing since  to  cause  mo  to  regret  having  introduced  this  theory  to 
your  notice  more  than  a  year  ago,  I  should  here  frankly  express  that 
regret.  I  would  renounce  in  your  presence  whatever  leaning  towards 
the  germ  theory  my  words  might  then  have  betrayed.  Let  me  state 
in  two  sentences  the  grounds  on  which  the  supporters  of  the  theory 
rely.  From  their  respective  viruses  you  may  plant  typhoid  fever, 
scarlatina,  or  small-pox.  What  is  the  crop  that  arises  from  this 
husbandry?  As  surely  as  a  thistle  rises  from  a  thistle  seed,  as 
surely  as  the  fig  comes  from  the  fig^  the  grape  from  the  grape,  the  thorn 
from  the  thorn,  so  surely  does  the  typhoid  virus  increase  and  multiply 
into  typhoid  fever,  the  scarlatina  virus  into  scarlatina,  the  small-pox 
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writings  of  the  most  violent  opponent  of  the  germ  theory,  and,  ten 
to  one,  yon  will  find  them  fall  of  snch  terms  as  '  propagation,'  ^  self« 
propagation,'  *  reproduction,'  *  self-mnltiplioation,'  and  so  on.  Try  as 
he  may — if  he  has  anything  to  say  of  those  diseases  which  is  charao- 
teristic  of  them — he  cannot  evade  the  use  of  these  terms,  or  the  exact 
equivalents  to  them.  While  perfectly  applicahle  to  living  tilings, 
these  terms  express  qualities  which  are  not  only  inapplicable  to  com- 
mon chemical  agents,  but  as  feu*  as  I  can  see  actually  inconoeivaUe 
of  them." 

Once  then  established  within  the  body,  this  evil  form  of  life,  if 
you  will  allow  me  to  call  it  so,  must  run  its  course.  Medicine  as 
yet  is  powerless  to  arrest  its  progress,  and  the  great  point  to  he 
aimed  at  is  to  prevent  its  access  to  the  body.  It  was  with  this 
thought  in  my  mind  that  I  ventured  to  recommend,  more  than  a 
year  ago,  the  use  of  cotton-wool  respirators  in  infections  places.  I 
would  here  repeat  my  belief  in  their  efficacy  if  properly  oonstrocted* 
But  I  do  not  wish  to  prejudice  the  use  of  these  respirators  in  the 
minds  of  its  opponents  by  connecting  them  indissolubly  with  the 
germ  theory.  There  are  too  many  trades  in  England  where  life  is 
shortened  and  rendered  miserable  by  the  introduction  of  matters  into 
the  lungs  which  might  be  kept  out  of  them.  Dr.  Greenhow  has 
nhown  tiio  stony  grit  deposited  in  the  lungs  of  stonecutters.  The 
black  lungs  of  colliers  is  another  case  in  point  In  fact,  a  hundred 
obvious  cases  might  be  cited,  and  others  that  are  not  obvious  might 
be  added  to  them.  We  should  not,  for  example,  think  that  printing 
implied  labours  where  the  use  of  cotton-wool  respirators  might  come 
into  play ;  but  I  am  told  that  the  dust  arising  from  the  sorting  of  the 
tyx)e  is  very  destructive  of  health.  I  went  some  time  ago  into  a  manu- 
factory in  one  of  our  large  towns,  where  iron  vessels  are  enamelled  by 
coating  them  with  a  mineral  powder,  and  subjecting  them  to  a  heat 
sufficient  to  fuse  the  powder.  The  organization  of  the  establishment 
was  excellent,  and  one  thing  only  was  needed  to  make  it  faultless. 
In  a  large  room  a  number  of  women  were  engaged  covering  the 
vessels.  The  air  was  laden  with  the  fine  dust,  and  their  &ces  ap- 
peared as  white  and  bloodless  as  the  powder  with  which  they  worked. 
By  the  use  of  cotton-wool  respirators  these  women  might  be  caused 
to  breathe  air  more  free  from  suspended  matters  than  that  of  the 
open  street.  Over  a  year  ago  I  was  written  to  by  a  Lancashire  seeds- 
man, who  stated  that  during  the  seed  season  of  each  year  his  men 
suffered  horribly  from  irritation  and  fever,  so  that  many  of  them  left 
his  service.  He  asked  me  could  I  help  him,  and  I  gave  him  my 
advice.  At  the  conclusion  of  the  season  this  year  he  wrote  to  me 
that  he  had  simply  folded  a  little  cotton-wool  in  muslin,  and  tied  it 
in  front  of  the  mouth;  that  he  had  passed  through  the  season  in 
comfort  and  without  a  single  complaint  from  one  of  his  men. 

The  substance  has  also  been  turned  to  other  uses.  An  invalid 
tolls  me  that  at  night  he  places  a  little  of  the  wool  before  his  mouth, 
slightly  moistening  it  to  make  it  adhere ;  that  he  has  thereby  pro- 
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botwoon  tho  logs  prevents  it  from  rimng.  On  the  left  side  of  the 
jacket  is  fixccl  a  screw,  to  which  the  ordinary  hose  of  the  fire-engine  is 
attiiched,  and  through  tho  hose  air  instead  of  water  is  urged  into  the 
spaoo  between  the  fireman's  body  and  the  jacket.  It  becomes  partially 
inflated,  but  no  pressure  of  any  amount  is  attainable,  because  the  air, 
though  somewhat  retarded,  escapes  with  tolerable  freedom  from  the 
wrists  and  waist.  Hence  tho  fireman,  when  his  hose  is  long  enough, 
can  deliberately  walk  into  tho  densest  smoke  or  foulest  air.  But  yoo 
see  the  use  of  the  smoke-jacket  necessitates  the  presence  of  several 
men  ;  it  also  implies  the  presence  of  an  engine.  A  single  man  could 
make  no  uro  of  it,  nor  indeed  any  number  of  men  without  a  pumpins 
engine.  Its  uses  are  thus  summod  up  in  a  conununication  addressed 
to  me  by  Captain  Shaw : — 

'*  This  smoke-jacket  is  very  useful  for  extinguishing  fires  in  vaults, 
stopping  conflagrations  in  the  holds  of  ships,  and  penetrating  wells, 
quarries,  mines,  cesspools,  Scd — any  places,  in  short,  where  the  air  has 
become  unfit  for  respiration. 

^'  The  6|X}cial  advantages  of  this  jacket  are  its  great  simplicity,  its 
facility  for  use,  and  the  rapidity  with  which  it  can  be  carried  about 
and  put  on  ;  but  its  drawback  is  that  it  requires  the  use  of  an  engine 
or  air-pump,  and  consequently  is  of  no  service  to  one  man  alone.  For 
this  latter  reason  smoke-jackets,  although  very  effective  for  enabling 
UH  to  get  into  convenient  places  for  extinguishing  fires,  have  very 
rarely  proved  of  any  avail  for  saving  life" 

Now,  it  is  that  very  want  that  I  thought  ought  to  be  supplied  by  a 
suitable  rcspii'ator.  Our  firo-escaiKJS  are  each  in  charge  of  a  single 
uiaii,  and  I  wished  to  be  able  to  place  it  in  the  power  of  each  of  those 
men  to  penetrate  through  the  doiisest  smoke  into  the  recesses  of  a 
house,  and  tlieix)  to  rescue  thoye  who  would  otherwise  be  suffocated  or 
burnt.  I  thonj^lit  that  cotton-wool,  which  so  effectually  arrested  dust, 
might  also  be  iufluential  in  arresting  smoke.  It  was  tried;  but,  though 
found  sootliing  in  ccrttiin  gentle  kinds  of  smoke,  it  was  no  match  for 
the  pungent  fumes  of  a  resinous  fire,  which  we  employ  in  our  experi- 
ments in  the  laboratory,  and  which,  I  am  gratified  to  learn  from  Cap- 
tain Shaw,  evolves  the  most  abominable  smoke  with  which  he  is  ac- 
quainted. I  cast  about  for  an  imj)rovement,  and  in  conversing  on  the 
subject  with  my  friend  Dr.  Debus,  ho  suggested  the  use  of  glycerine 
to  moisten  the  wool,  and  render  it  more  adhesive.  In  fact,  this  very 
substance  had  been  employed  by  tlie  most  distinguished  advocate  of 
the  doctrine  of  spontaneous  generation,  M.  Pouchet,  for  the  purpose 
of  catching  the  atmospheric  germs.  He  spread  a  film  of  glycerine  on 
a  plate  of  glass,  urged  air  against  the  film,  and  examined  tho  dust 
which  stuck  to  it.  The  moistening  of  the  cotton-wool  with  this  sub- 
stance was  a  decided  improvement ;  still  the  respirator  only  enabled  us 
to  remain  in  dense  smoke  for  three  or  four  minutes,  after  which  the* 
irritation  became  unendurable.*    Reflection  suggested  that  in  combus- 

♦  Tlio  nose,  with  its  haird  and  mucus,  nets,  though  imperfectly,  the  part  of  the 
moistened  cotton  wool  rcapirator. 
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tion  BO  imperfect  as  the  prodaction  of  dense  smoke  implies,  there 
must  bo  numerous  hydrocarbons  produced,  which,  being  in  a  state  of 
▼apour,  would  bo  very  imperfectly  arrested  by  the  cotton-wooL  These 
in  all  probability  were  the  cause  of  the  residual  irritation;  and  if 
these  could  be  removed,  a  practically  perfect  respirator  might  possibly 
be  obtained. 

I  state  the  reasoning  exactly  as  it  occurred  to  my  mind.  Its  result 
will  be  anticipated  by  many  present  All  bodies  possess  the  power  of 
condensing  in  a  greater  or  less  degree  gases  and  vapours  upon  their 
surfaces,  and  when  the  condensiiig  body  is  very  porous,  or  in  a  fine 
state  of  division,  the  force  of  condensation  may  produce  very  remark- 
able effects.  Thus,  a  clean  piece  of  platinum-foU  placed  in  a  mixture 
of  oxygen  and  hydrogen  so  squeezes  the  gases  together  as  to  cause 
them  to  combine ;  and  if  the  experiment  be  made  with  care,  the  heat 
of  combination  may  raise  the  platinum  to  bright  redness,  so  as  to  cause 
the  remainder  of  the  mixture  to  explode.  The  promptness  of  this 
action  is  greatly  augmented  by  reducing  the  platinum  to  a  state  of  fine 
division.  A  pellet  of  *'  spongy  platinum,"  for  instance,  plunged  into 
a  mixture  of  oxygen  and  hydrogen,  causes  the  gases  to  explode  in- 
stantly. In  virtue  of  its  extreme  porosity,  a  similar  power  is  possessed 
by  charcoal.  It  is  not  strong  enough  to  cause  the  oxygen  and  hydro- 
gen to  combine  like  the  spongy  platinum,  but  it  so  squeezes  the  mose 
condensable  vapoiurs,  and  also  acts  with  such  condensing  power  upon 
the  oxygen  of  the  air,  as  to  bring  both  within  the  combining  distance, 
thus  enabling  the  oxygen  to  attack  and  destroy  the  vapours  in  the  pores 
of  the  charcoal.  In  this  way,  effluvia  of  all  kinds  may  be  virtually 
burnt  up ;  and  this  is  the  principle  of  the  excellent  charcoal  respi- 
rators invented  by  Dr.  Stenhouse.  Armed  with  one  of  these,  you  may 
go  into  the  foulest-smelling  places  without  having  your  nose  offended. 
Some  of  you  will  remember  Dr.  Stenhouse  lecturing  in  this  room  with 
a  suspicious-looking  vessel  in  front  of  the  table.  .  That  vessel  contained 
a  decomposing  cat.  It  was  covered  with  a  layer  of  charcoal,  and 
nobody  knew  until  told  of  it  what  the  vessel  contained.* 

I  may  be  permitted  in  passing  to  give  my  testimony  as  to  the 
efficacy  of  these  charcoal  respirators  in  providing  warm  air  for  the 
lungs.  Not  only  is  the  sensible  heat  of  the  breath  in  part  absorbed 
by  the  charcoal,  but  the  considerable  amount  of  latent  heat  which 
accompanies  the  aqueous  vapour  from  the  lungs  is  rendered  free  by  the 
condensation  of  the  vapour  in  the  pores  of  the  charcoaL  Each  particle 
of  charcoal  is  thus  converted  into  an  incipient  ember,  and  warms  the 
air  as  it  passes  inwards.  This  is  in  entire  accordance  with  the  thermo- 
metric  observations  of  Dr.  Marcet. 

But  while  powerful  to  arrest  vapours,  the  charcoal  respirator  is 
ineffectual  as  regards  smoke.     The  particles  get  freely  through  the 

♦  Dr.  Stonhouso  iios  recently  shown  me  a  respirator,  invented  by  him  many 
yi>ar8  ago,  in  which,  by  means  of  a  single  valve,  the  inhaled  air  paascs  through 
charcoal  to  the  luugn,  while  that  exhaled  escapes,  without  possiDg  through  the 
oharooal,  into  the  open  air. 
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respirator.  In  a  series  of  them  tested  downstairs,  from  half  a  minute 
to  a  minnte  was  the  limit  of  endurance.  This  might  be  exceeded  by 
Faraday's  method  of  emptying  the  longs  completely,  and  then  filling 
them  before  going  into  a  smoky  atmosphere.  In  fact,  each  solid  smoke 
particle  is  itself  a  bit  of  charcoal,  and  carries  on  it,  and  in  it,  its  little 
load  of  irritating  vaponr.  It  is  this,  fiir  more  than  the  particles  of 
carbon  themselves,  that  produces  the  irritation.  Henoe  two  causes  of 
offence  are  to  be  removed :  the  carbon  particles  which  convey  the  irri- 
tant by  adhesion  and  condensation,  and  the  free  vapour  wliich  accom- 
panies the  particles.  The  moistened  cotton-wool  J  im^w  would  anest 
the  first,  fragments  of  charcoal  I  hoped  would  stop  the  second.  In  the 
first  fireman's  respirator,  Mr.  Garrick's  arrangement  of  two  valves, 
the  one  for  inhahition,  the  other  for  exhalation,  are  preserved.  But 
the  portion  of  it  which  holds  the  filtering  and  absorbent  substances  is 
prolonged  to  a  depth  of  four  or  five  inches  (see  Fig.  2).  On  the  parti- 
tion of  wire  gauze  gr  at  the  bottom  of  we  space  which  fronts  the 
mouth  is  placed  a  layer  of  cotton-wool,  0,  moistened  with  glycerine ; 
then  a  thin  layer  of  dry  wool,  C ;  then  a  layer  of  charcoal  fragments ;  a 
second  thin  layer  of  dry  cotton-wool,  succeeded  by  a  layer  of  fragments 
of  caustic  lime.  The  succession  of  the  layers  may  be  changed  without 
prejudice  to  the  action.  A  wire-gauze  cover,  shown  in  pkn  below  Fig.  2, 
keeps  the  substances  from  falling  out  of  the  respirator.  In  the  densest 
smoke  that  we  have  hitherto  employed,  the  layer  of  lime  has  not  been 
found  necessary,  nor  is  it  shown  in  the  figure ;  in  a  flaming  building, 
indeed,  the  mixture  of  air  with  the  smoke  never  permits  the  carbonic 
acid  to  become  so  dense  as  to  be  irrcspirable ;  but  in  a  place  where  the 
gas  is  present  in  undue  quantity,  the  fragments  of  lime  would  materially 
mitigate  its  action. 

lu  a  small  cellar-like  chamber  downstairs,  with  a  stone  flooring  and 
stone  walls,  the  first  experiments  wore  made.  We  placed  there  furnaces 
containing  resinous  pine-wood,  lighted  the  wood,  and  placing  over  it  a 
lid  which  prevented  too  brisk  a  circulation  of  the  air,  generated  dense 
volumes  of  smoke.  With  our  eyes  protected  by  suitable  glasses,  my 
assistant  and  I  have  remained  in  this  room  for  half  an  hour  and  more, 
when  the  smoke  was  so  dense  and  pungent  that  a  single  inhalation 
through  the  undefended  mouth  would  be  perfectly  unendurable :  and 
we  might  have  prolonged  our  stay  for  hours.  Having  thus  far  perfected 
the  instrument,  I  wrote  to  Captain  Shaw,  the  chief  officer  of  the  Metro- 
politan Fire  Brigade,  asking  him  whether  such  a  respirator  would  be 
of  use  to  him.  His  reply  was  prompt ;  it  would  be  most  valuable.  He 
had,  however,  made  himself  acquainted  with  every  contrivance  of  the 
kind  in  this  and  other  countries,  and  had  found  none  of  them  of  any 
practical  use.  Ho  offered  to  come  and  test  it  hero,  or  to  place  a  room 
at  my  disposal  in  the  City.  At  my  request  he  came  here,  accompanied 
by  three  of  his  men.  Our  small  room  was  filled  with  smoke  to  their 
entire  satisfaction.  The  three  men  went  successively  into  it,  and 
remained  there  as  long  as  Captain  Shaw  wished  them.  On  coming  out 
they  said  that  they  had  not  suffered  the  slightest  inconvenience ;  that 
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man's  reepirator  the  sufferings  of  many  a  precions  life  might  be  spared 
and  its  length  augmented.* 

The  disconrao  was  conclnded  as  follows : — "  Thus  have  we  been  led 
from  the  actinio  decomposition  of  vaponrs  through  the  tails  of  comets 
and  the  blue  of  the  sky  to  the  dust  of  London,  from  the  germ  theory 
of  disease  down  to  this  fireman's  respirator.  Instead  of  this  trivial 
example,  I  could,  if  time  permitted,  point  to  others  of  a  more  con- 
siderable kind  in  illustration  of  the  tendency  of  pure  science  to  lead  to 
practical  applications.  Indeed  those  very  wanderings  of  the  scientific 
intellect  which  at  first  sight  appear  utterly  unpractical,  become  in  the 
end  the  wellsprings  of  practice.  Tet  I  believe  there  is  a  philosophy 
embraced  by  some  of  our  more  ardent  thinkers  (who  I  fear  on  many 
points  commit  the  well-intentioned,  but  fatal  mistake  of  putting  their 
own  hopeful  fimcies  in  the  place  of  fact)  that  would  abolish  these 
wanderings  of  the  intellect  and  fix  it  from  the  outset  on  practical  ends 
alone.  I  do  not  think  that  that  philosophy  will  ever  make  itself  good 
in  the  world,  or  that  any  freedom-loving  student  of  nature  could  or 
would  tolerate  its  chains." 


A  short  time  before  the  discourse  I  had  an  opportunity  of  inspect- 
ing the  apparatus  of  Mr.  Sinclair,  which  has  been  tested  and  highly 
spoken  of  by  the  superintendent  of  the  Manchester  Fire  Brigade.  The 
original  idea  is  due  to  Yon  Humboldt,  who  proposed  it  for  the  Hartz 
mines.  Galibcrt  constructed  the  apparatus  in  an  improved  form,  and 
it  has  been  still  further  improved  by  Mr.  Sinclair,  who  has  purchased 
Galibert's  patent.  It  consists  of  an  air-tight  bag,  from  which  issue  two 
tubes  that  imite  on  a  single  one  >vith  a  respirator  mouth-piece.  The 
bag  is  filled  with  air,  and  the  wearer  inspires  through  one  valve  and 
expires  through  another.  The  expired  breath  is  carried  to  the  bottom 
of  the  bag,  and  is  stated  to  remain  there  in  consequence  of  the  chilling 
experience  in  its  passage  downwards.  A  bag  of  not  inordinate  size  is 
said  to  be  sufficient  to  supply  a  man  with  air  for  twenty  minutes.  Mr. 
Sinclair's  apparatus  was  exhibited  during  the  discourse. 

[J.  T.] 


*  Mr.  Ladd  has  also  proposed  a  form  of  mouth-piocc  which  promises  well,  and 
Mr.  Cottrell  lias  attachcwl  to  it  an  ordinary  foncing-mask.  This  will  probably  be 
the  form  of  apparatus  finally  adc^pted. 
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Mcii.   lad   is  -siifie  faced  iasif  down  de  Soady 
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^4  die  inrd  in.  %  ^eim  mfnittpa,  duiS  it 
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LttTizLg  die  deciezs.  die  eMpwliiiiMi  jmrnd  oa  to  Ae 
Didco,  azid  eofensd  die  Iierboar  <MP  Godhsvai,  ibe  icadesioaB  of  te 
viuLien  Milin^  ncrdiwirL  Here  tfaej  were  hamfbahfy  CHlertuiiBd  Itj 
the  I:»{Kcsor,  3Cr.  ^ith,  ud  die  Govonor,  Hmiot,  who  kid  ihowm 
SttfiikX  ^TAn^^tk  to  Dr.  Kihne.  Dr.  Hajei^  and  odieim.  The  pwr^  aooB 
ftft^  entered  die  ftwfiill j  nugni&oent  scenery  of  Kanat  KovL  with 
peTT^T^iic^ilAr  eli£^  between  three  and  four  thoaflaiid  feet  hi^ 
Abont  titixn  xnilefl  from  thia.  Upem^Tik  is  the  most  northern  settfo- 
mfiZiX  in  :L-^  vorld.  peopled  bj  about  two  hmidzed  Esi|iunMHEx,  nded 
by  ir^e  hr>Rpi table  GoTemor  Bodolph. 

TLe  f;zp€ditioii  then  proceeded  to  MelTiIIe  Bay,  the  terror  of 
Arctic  Toyagera,  the  scenery  of  which  was  illostraied  by  nnmemas 
phot^/gTAphii,  exhibiting  the  passage  of  the  steamer  throng  the  fields 
(f(  \fyfi ;  the  landmark  termed  "  The  Deiil's  Thnmh,"  nsing  about 
1 200  fr^et  ab^jve  the  platean  of  a  mountain ;  the  beantifdl  opalescent 
hy\ff^T%iH'jn  f/(  the  ice  prodnced  by  the  midnight  son ;  polar  bean  in 
M;arr;h  of  frifxl,  Ac. 

[  In  the  library  were  placed  seyeral  hundred  photographs  showing 
the  varifxl  apjicaranccs  of  the  ice  and  icebergs,  and  the  Esqnimam 
anri  thoir  houMm;  together  with  several  oil-paintings,  the  largest 
being  "  Hummer  in  the  Arctic  Regions,  or  Boring  through  the  FSack 
in  Melyillo  Bay,  August,  1869."] 

[W.B.] 
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OENEBAL  MONTHLY  MEETING, 

Monday,  July  8,  1871. 

StB  HsNBT  HoLLANDi  Bart  M.D.  D.GX.  F.RS,  President, 

in  the  Chair. 

William  Amhorst  Tyssen  Amhnrst,  Esq.  F.SA.  M.RS.L. 
Lawrence  Trent  Gave,  Esq.  F.B.a£. 

were  dected  Members  of  the  Boyal  Institation. 

The  special  thanks  of  the  Members  were  returned  to  the  Lord 
Lindsay  for  his  present  of  a  yaluable  spectroscope,  employed  by 
Dr.  Hoggins  in  ms  researches  into  the  Physical  and  OhemicAl  Con- 
stitution of  the  Stars  and  Nebnls. 

The  Pbbsemts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz.  :^- 


FBOM 

The  Spanith  Owemmeni — ^Estadistica  Minera  ooneBpoiidieiite  al  afio  de  1868. 
4to.    1870. 

Memoria   sobre  el  Ensayo  oomparatiTO  del  Sistema  de  DistUadon   de   Ine 
Mioerales  de  Meronrio  propoeto  por  M.  Emlle  Pdlet,  Ac    4to.    1871. 
Aeademy  of  Natural  Soiemon,  PhUaddpkia — Proceedings.    1870.    Sro, 
Adrofwmical  Soeidy.  BoycO— Proceedings,  Vol.  XXXL  No.  7.    1871. 
Author — Sketches  oi  the  Honse  of  Oommons.  By  a  Silent  Member.  (()  14)  16ma 

1871. 
Chemical  Society— Jovamal  for  June,  1871.    8yo. 

Omitato  Oedogieo  cfJfaUa— BoUettini    1871.    Na  8. 4.    8^0.    Fiienie. 
Cornwall  PUytiehnio  Society,  BoycO— Thirty-third,  thirty-fifth,  thirty-eefenth,  and 

thirty-eighth  Beports.    8m    1865-71. 
Editors— AcMemj  for  June,  1871.    4to. 

American  Journal  of  Science  for  May  and  Jane,  1871.    8Ta 

Artlzan  for  June,  1871.    4to. 

Athensum  for  June,  1871.    4ta 

Chemical  News  for  June,  1871.    4to. 

Engineer  for  June,  1871.    fol. 

Horoloeical  Journal  for  June,  1871.     Svo, 

Journal  of  Gkia-Lighting  for  June,  1871.    4to. 

Mechanics'  Ifagazine  for  June,  1871.    8to. 

Nature  for  June,  1871.    4to. 

Pharmaceutical  Journal  for  June,  1871.    8to. 

Photo^phic  News  for  June,  1871.    4to. 

Scientific  Reyiew  for  June,  1871.    foL 
EUie^Oeorge  E.  Eeq,  {fi%e  ^ufJ^)— Memoir  of  Sir  Benjamin  Thompson,  Count 
Bumford^  with  Notices  of  his  Daughter.    8to.    1871. 
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Franklin  In^ituid—JonnaL  No.  544.    8to.    1871. 

Linn«tn  Soddy — JoorDal,  N06.  51,  56.    8vo.    1871. 

Medical  and  Chirurgioal  Sooiety,  Awoi— General  Index  to  the  TzftnaaetionB. 

Vol.  I.-UII.    870.     1871. 
Meiearologicul  Sooidy — Prooeedinga,  No.    .    8?o.    1871.  * 

PtiOtographic  Socidif—JooTDal,  No.  226.    8va    1871. 
Symon$,   G.  J,  E$q.  (the  AtdhorySyvaoiDB*  Monthly  Meteoiologioal  Magarine, 

Juno,  1871.    8vo. 
TyndaU,  Johti,  Esq.  LL.D,  F.BJ8.  {the  Ayihory-Wmn  of  Exercise  in  the  Alps. 

16mo.    1871. 
United  Service  JnttiUition^  Rotyoi — Journal,  No.  62.    8to.    1871. 


GENERAL  MONTHLY  MEETING, 

Monday,  Nov.  6,  1871. 

Sir  Hbnbt  Holland,  Bart.  M.D.  D.O.L.  F.R.S.  President, 

in  the  Chair. 

Sir  John  Conroj,  Bart 

Dr.  J.  Hall  Dayi& 

Ralph  Henry  Christopher  Nevile,  Esq. 

Henry  Rigg,  Esq. 

were  elected  Members  of  the  Royal  Listitution. 

The  Managers  reported  that  they  had  reappointed  William 
Odlxng,  M.B.  F.R.S.  Fullerian  Professor  of  Chemistry  on  Jnly  10 
last 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  retomed  for  the  same,  vis. : — 

FROM 

Governor-General  of  India — Memoirs  of  the  Geological  Surrey  of  India,  Yol.  YII. 
Parts  1.  2,  3.    8vo.     18G9-70. 
Records,  Vol.  II.  2-4 ;  Vol.  lU. ;  Vol.  IV.  1,  2.    8vo. 
PalaK)ntoIogia  Indioa,  Series  VI.  Parts  1-8.    foL    1870-1. 
The  Lord$  of  the  AdmiraUy—Ti\e  Nautical  Almanack  for  1875.    8to.    1871. 
Commit$ioner$  in  Lunacu — 25th  Report.    8to.     1871. 
AHuariee,  Inetitute  o/— Journal,  Nos.  84,  85.    Sto.     1871. 
Agricultural  Society  of  Enaland—JoxanBl^  New  Series,  No.  14.    8to.    1871. 
Airy,  G.  B.  Em.  FmJ3,  Adronomer  Royal — Halley'tf  Magnetic  Ciiart 
American  Academy  of  ArU  and  iSb'sncM— Proceedings,  VoL  VIII.  Noa.  18-37. 
8va     1869-70. 
Complete  Works  of  Count  Rumford.    Vd.  I.    Svo.    1870. 
American  Philotophical  ;Sbci<<y— Proceedings,  Nos.  83-85.    Sro.    1870. 

Transactions,  Vol.  XIV.  Part  1.    4to.    1870. 
AntiquarieSj  Society  o/— Proceedings,  Vol.  V.  No.  1.    8vo.    1871. 
AtitUie  Society  of  Bengal— Jotimal,  No.  167.    Svo.     1871. 

Prooeedincs,  1871.    Nos.  3,  4.  5.    8to. 
Attronomical  Society,  Royttl — Pruct>e(linfi:s,  VoL  XXXI.  Nos.  8,  9.    1871. 
Bartholoinewi  Hospital,  St.  {the  Ti  0a tvrer)— Reports.  VoL  VII.    8yo.    1871. 
Bavarian  Academy  of  Science*,  Roycd — Sitxangsberichte.    1870.    II.    Heft  3,  4. 

1871 ;  Heft  I.    8vo. 
Baxter,  R.  />.  E$q.  M.R,I. — M.  Nicolas,  £tudei  sur  les  fivangiles  Apocryphea. 
8vo.    Paris,  1866. 
M.  Nicolas,  Lo  Symbole  des  Apotres.    8to.    Paris,  1867. 
Belgique,  AoaiUmie  RoyaU  de$  8eienee§  d»— Bulletins,  Tomef  XXIX.  XXX. 
8vo.     1870. 
Aiinuaire.     1871.    16to. 
Annalcs  M^tdorologiques  de  rObderrntoire  do  Belgiqiie.    4me  Ann^.    4to. 

1870. 
Vol.  VI.    (No.  56.)  2  x 
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Bett^  Hon.  and  Bev.  8.  UA.  M.B.L  (Jthe  AMory—QermoDa  on  the  Beginning  of 

AU  Things.    16to.    1871. 
Bcttm  Society  of  Natural  UiHary,  UM.—'ULemoin,  VoL  11.  Port  11.    4to.     1870. 
Proceedings.  Vol.  XIII.  Nos.  15-23.    8vo.    1870. 

Brituh  AMtoeiaiion  for  the  AdvaneemerU  of  Science — ^Report  of  the  40th  Meeting, 
held  at  Liverpool  in  Sept.  1870.    8yo.    1871. 

Britieh  Museum  TrutteiM^CBialoguB  Godicum  M8S.  Orientalium,  Pan  2,  Codices 
Arabicos  oomplectens.    fol.    1871. 
Hand  Liat  of  Bird.-,  Part  3.    8vo.    1871. 
Catalogue  of  Derinuptera  Saltatoria,  Part  5.    8to.    1871. 
Ouide  to  First  Vase  Boom.    8yo.    1871. 
Catalogue  of  Meteorites.    8vo.    1871. 
Catalogue  of  Syriac  MSS.  Part  2.    4to.    1871. 

Chemical  Society — Journal  for  Jnly,  Aug.  Sept.  Oct  1871.    8to. 

Clinical  5oo/rfy— TmnsnctionH,  Vol.  IV.    8vo.    1871. 

ComiUito  Geologico  (flta/ia— Bollettini.    1871.    Nos.  5,  6.    8vo.    Firenie. 

Connedicut  Academy  of  Arts  and  Sciences — ^Transactions,  Vol.  11.    8vo.     1869-71. 

Courtemanchcj  M,  R.  {the  ilu^ftor)— Desoription  d'un  KaTire  A€rien.    (L  15) 

8vo.    Paris,  1871. 
CoXf  E.  T,  Esq,  {the  Author) — First  Annual  Report  of  the  Geological  Surrey  of 

Indiana.    8yo.    2  yoIs.    1869. 

De  la  Rive,  M.  A,  {the  Author'j—'Soiice  sur  E.  Verdet.    (L  15)    8vo.     1871. 

-Ea<7or«— Academy  for  July,  Aug.  Sept.  Oct.  1871.    4to. 
American  Journal  of  Science  for  July,  Aug.  Sept  Oct  1871.    8vo. 
Artizan  for  July,  Aug.  Sept.  Oct.  1871.    4to. 
AthensBum  for  July.  Aug.  Sept.  Oct  1871.    4to. 
Chemical  News  for  July.  Auji:.  ^pt-  Oct  1871.    4to. 
Engineer  for  July,  Aug.  Sept.  Oct.  1871.    fol. 
Horological  Journal  for  July,  Aug.  Sept.  Oct.  1871.    8vo. 
Journal  of  Gas-Lighting  for  July,  Aug.  Sept.  Oct.  1871.    4to. 
Mechanics*  Magazine  for  July,  Aug.  Sept.  Oct.  1871.    8vo. 
Nature  for  July,  Aug.  Sept.  Oct.  1871.    4 to. 
Pharmaceutical  Journal  for  July,  Aug.  Sept.  Oct.  1871.    8vo. 
Photographic  News  for  July,  Aug.  Sept.  Oct.  1871.    4to. 

EUiol,  The  Lady — Memoirs  on  the  History,  Folk  Lore,  and  Distribution  of  the 
Races  of  the  North- Western  Provinces  of  India.  By  Sir  H.  M.  Elliot 
Edited  by  J.  Beames.    2  vols.    8vo.    1869. 

Essex  Institute,  CT.S^.— Proceedings,  Vol.  VI.  Part  2.    1868-71.    8vo. 

Bulletin,  Vol.  II.    8vo.     1870. 

Greenwich  Observations  for  1869.    4to.    1871. 
Franklin  Institute— J ouTixal,  Nos.  545.  546.  547,  548,  549.    8vo.    1871. 
Geo(fraphical  Society^  Royal — Proceedings,  Vol.  XV.  Nos.  2,  3,  4.    8vo.     1871. 

Journal,  Vol.  XL.    8vo.     1870. 
Oedogical  and  Polyleclmic  Society  of  the  West  Riding  of  YorksfUre — Report  of  Pro- 
ceedings for  1870.    8vo.     1871. 

Geoiogical  Imtitute,  Imperial,  Vienna — Jahrbuch,  1871.    No.  2.    8vo. 

Verhandlungen.  1871.    No.  1.    8vo. 

Abhandlungen,  Band  V.  Heft  1,  2.    4to.     1871. 
Geological  Society— QuMierly  Journal,  No.  107.    8vo.     1871. 
Glojsgovo  Philosophical  Society— Troceedin^By  Vol.  VH.  Nos.  1-3.    8vo.    1868-71. 
Haroen,  H.  Esq,  {thelAuthory^MoTtaWiy  Experience  of  the  Prudential  Assurance 
Company,  1867-70.    8vo.    1871. 

Institution  of  Civil  Enqineers—mnuieB  of  Proceedings,  Vols.  XXXI.  XXXn.  and 

Index  to  Vols.  XXI.-XXX.    8vo.    1871. 
Kavanagh,  Morgan,  Esq.  {the  Author) — Origin  of  Language  and  Myths.    2  vols. 

8vo.    1871. 
Levittoux,  M,  H.  (ih4  Jti^^or)— Philosophie  de  la  Nature.    8vo.    Paris,  1871. 
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Linnean  Society — Journal,  Nos.  52,  53,  65.    8yo.    1871. 
Proceedings,  1870-1.    8vo. 
Transactiona,  VoL  XXVII.  Part  3.    4to.    1871. 
Liverpool  Literary  and  Philo$ophical  Society — Proceedings,   Nos.  23,  24.     Sto. 

1869-70. 
Lubbock,  Sir  John,  Bart,  M.P.   F.R.8,  (the  Atdhory-On  the  Development  of 

Relationships,  and  on  Stone  Implements  from  Africa  and  Syria.  (From  Jour. 

Anthrop.  Inst.  I.)    8vo.     1871. 
Mear$,  T.  Lambert,  Eaq.LL.D,  ITA  J.— Dr.  G.  B.  Halford,  On  the  New  Treatment 

of  Snake  Bite.    ( K  98)    8yo.     1869. 
Mechanical  Engineert^  InUitutiony  Birmingham — Proceedings,  April,  1871 ;  July, 

Part  1.    8vo. 
Medical  and  Chirurgical  Society,  Royai — ^Proceedings.  Part  33.    8yo.    1871. 
Meteorological  Committee  of  the  Royal  Society — ^Report  for  1870.    8to.     1871. 

Contributions  to  the  Meteorology  of  Oape  Horn.    4to.    1871. 
Meteorological  Office— QuBitetlj  Weather  Report,  1870,  Ports  1,  2.    4to.    1871. 
Mtu^e  Teyler,  Haarlem— AicinYea  Vol.  III.  Fascicule  2.    4to.    1871. 
Peacock,  R.  A.  F.G.S.  (the  Author)— Changes  in  the  Earth's  Physical  Geogr^hy, 

&c.    (K98)    8vo.    1871. 
Pearson,  C.  H.  Esq,  (the  Editory^The  Barons'  War,  including  the  Battles  of 

Lewes  and  Evesham.    By  W.  H.  Blaauw,  M.A.    2nd  ed.     1871.    8vo. 
Preussische  Akademie  der  WisMenschaften — Monatsberichte,  Biay,  June,  July,  Aug. 

1871.    8vo. 
Royal  College  of  Surgeons — Descriptive  Catalogues  of  Calculi  and  of  Dennatolo- 

g^cal  Specimens.    2  Parts.    4to.    1870-1. 
Royal  Society  of  London— Proceedings,  No.  129.    8vo.    1871. 
Philosophical  Transactions  for  1871,  P&rt  1.    4to.     1871. 
Catalogue  of  Scientific  Papers,  1800-«3.    Vol.  V.    4to.    1871. 
Sargent,  F.  Esq.  {the  ^ti^Aor)— Compendium  of  Biblical  Criticism.    New  edition. 

8vo.     1871. 
ScoU,  F,  Surtee$,  Esq.  (the  ^titftor)— Merlin  and  Arthur.    (K  98)    8vo.    1871. 
Smithsonian  Institution,  U£. — Annual  Report,  1869.    8vo.     1871. 

Smithsonian  Contributions  to  Knowledge.    Vol.  XVII.    4to.    1871. 
Soei^  HoUandaise  dee  Sciences — Natuurkundige   Verhandelingen,   3me  Bene, 

Tome  I.  3.    4to.    1870. 
Archives  Neerlandaises,  Tome  V.  4,  5.    Tome  VI.  1,  2,  3.    8vo.    1870-1. 
SL  r^ertbourg,  AcadAnie  Imp^riale  des  Sciences — ^Mdmoirea,  Tome  XVI.  Nos.  1-8. 

4to.     1870. 
Bulletins.  Tome  XV.  Nos.  3-5 ;  Tome  XVI.  No.  1.    4to.    1870-71. 
Stanley,  The  Hon.  Wm.  (hoen,  M.P,  F,S.A.  {the  Authory^Uemous  on  Remains  of 

Ancient  Dwellings  in  Holyhead  Island.    With  Supplementary  Notioee  by 

A.  Way.    8vo.     1871. 
£ta<i<tieaZ  ^ociWy—Journal,  Vol.  XXXIV.  Parts  2,  3.    8vo.    1871. 
Symons,  G.  J.  Esq.  (the  ^uMor)— Symons*  Monttily  Meteorological  Magazine, 

July,  Aug.  Sept.  Oct.  1871.    8vo. 
United  Service  Institution,  Royal— Joumai,  Nos.  63,  64.    8vo.     1871. 
Vereins  zur  BefSrdening  des  Oewerbfidsses  in  Preussen — ^Verhandlungen,  Man 

bis  June,  1871.    4to. 
Victoria  Institute— Journal  of  Transactions,  Vol.  V.  Noe.  18,  19.    8vo.    1871. 
WUd,  M.  H.  (the  Dtrecfor)— Annales  de  rObacrvatoire  Physique  Central  de 

Russie,  1866.    4to.    1870. 
Repertorinm  fOr  Meteorologie,  Band  I.  Heft  2.    4to.    1869-70. 
Wianimrg  Physikal-Medecin,    Gesefftefta/t— Vorhandlungen,  Band  II.    Heft    3. 

8vo.    1871. 
Yorkshire  Archcedtogieal  and  Topographical  ^Moc/otioii— Journal,  Part  5.     8vo. 

1871. 
Zcological  Society  of  Lon^ion— Transactions,  Vol.  VII.  Part  6.    4to.    1871. 
Proceedings,  1871,  Part  1.    8vo. 
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GENERAL  MONTHLT  HEETINa, 
Monday,  Deo.  4, 1871. 

Sib  Hxkbt  Holland,  Bart  M.D.  D.CJL  F JL8.  Presideiit, 

in  the  Choir. 

Edward  Bowe  Fisher,  Esq. 
John  Fleming,  Esq. 
Mrs.  G.  H.  Gibb. 
Alfred  North,  Esq. 
John  Penn,  jnn.  Esq. 
Col.  Edward  Webb. 

were  deeted  Members  of  the  Bojal  Institation. 

His  Majesty  Dom  Pkdbo  II.  d* Alcantara,  Emperor  of  Brmjul, 

K.G.  F.E.S.  Ac.  &c 

was  elected  an  Honorary  Member  of  the  Eoyal  Institation. 

The  following  Lecture  Arrangements  for  the  enHning  Season  were 
announced : — 

Chrlstmcu  Leeiurea  (adapted  to  a  Juvenile  Auditory), 

Prof.  Ttkdall,  LL.D.  F.R.8.— Six  Lectures,  On  Ice.  Water,  Yapoor,  and  Air.  oo 
December  28,  30,  1871 ;  January  2,  4,  6,  9,  1872. 

Before  Easier,  1S72. 

Dr.  W.  RrTHERFORD,  F.R.S.E.— Ten  Lectures,  On  tbe  Neironfl  and  Ciroolatory 

Systems,  on  Tuesdays,  January  16  to  March  19. 

Prof.  Odukg,  F.R.S.— Ten  Lectures,  On  the  Chemistry  of  AllraU'ee  and  AlkaK 
Manufacture,  on  Thursdays,  January  18  to  March  21. 

W.  B.  Donne,  Esq.— Six  Lectures,  On  the  Theatre  in  ShakeBpeaie's  Tfane,  on 
Saturdays,  January  20  to  Feb.  24. 

MoNCTRK  D.  Ck)NWAT,  Esq. — Four  Lectures,  On  Demonologj,  on  Saimdayi^ 
March  2  to  23. 

After  Eatter,  1872. 

Dr.  Wm.  a.  Guy,  F.R.S.— Three  Lectures,  On  Statistics,  Social  Science^  and 
Political  Economy,  on  Tuesdays,  April  9,  16,  and  23. 

Edward  B.  Ttlob,  Esq.  F.R.S. — Six  Lectures,  On  the  Development  of  Belief  and 
Custom  amongst  tlie  Lower  Races  of  Mankind,  on  Tuesdays,  April  30  to 
June  4. 

Prof.  Ttndall,  LL.D.  F.R.S.— Nine  Lectures,  On  Heat  and  Light,  on  Thnrsdayi^ 
April  11  to  June  6. 

R.  A.  Pbootob,  Esq.  BA.  F.R.A.S.— Five  Lectures,  On  the  Star  I>q>tlis,  oo 
Saturdays,  April  13  to  May  11. 

Prof.  R0600K,  F.R.S.— Four  Lectures,  On  the  Chemical  Action  of  Lig^t,  on 
Saturdays,  May  18  to  Jane  8. 
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The  Pbisxmts  receiyed  sinoe  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

American  PMoiophicdl  Soeiehf — Proceedings,  No.  86.    8to.    1870. 

Awiatic  Socfeiy  of  Bengal — ProceedingB,  Nob.  6,  7,  8.    8vo.     1871. 

BriHth  ArchitedSy  Royal  InetUtde  o/— Sefisional  Papers,  1871-2.    Noe.  1,  2.    4to. 

BriUth  Museum  Tr%i$tee»—Qmde  to  the  Bronze  Boom.    Svo.    1871. 

Chemical  Society— J outubI  for  Not.  1871.    Syo. 

ComUaio  Oeologieo  (f  Italia— BoUettinl     1871.    NO0. 7-10.    Sra    Firenze. 

DatD9on,  J.  W.  Esq,  LL,D.  (fhe  Author}— The  Fosail  Plants  of  the  Devonian  and 

Upper  Silurian  FormationH  iu  Canada.    8yo.    1871. 
Devonikire  Aaaociation  for  the  Advancement  of  Science — Beport  and  Transaoiions. 

Vol.  IV.  Part  2.    Svo.    1871. 
Editors— Academy  for  Nov.  1871.    4to. 
American  Journal  of  Science  for  Nov.  1871.    8vo. 
Artizan  for  Nov.  1871.    4to. 
Athenaeum  for  Nov.  1871.    4to. 
Chemical  News  for  Nov.  1871.    4to. 
Engineer  for  Nov.  1871.    fol. 
Horological  Journal  for  Nov.  1871.    8yo. 
Jonmal  of  Ga»-Lighting  for  Nov.  1871.    4to. 
Mechanics'  Magazine  for  Nov.  1871.    8vo. 
Nature  for  Nov.  1871.    8vo. 
Pharmaceutical  Journal  for  Nor.  1871.    8vo. 
Photographic  News  for  Nov.  1871.    4to. 
Franks,  A.  W,  Esq.  (on  behalf  of  the  late  Felix  Slade,  fiig.)— Catalogne  of  the  Col- 
lection of  Glass  formed  by  F.  Slade,  Esq.  F.S  JL,  with  Notes  on  the  History 
of  Glass-making  by  A.  Nesbitt.    fol.    1971. 
Geological  Society— Qnaiterly  Journal.    No.  108.    Svo.    1871. 
Jones,  H.  Bence,  Esq.  MJ).  D.CL,  F,R.8.  See.  B.L  {the  ^ii(Aor)— The  Boyil 

Institution,  its  Founder,  and  its  first  Professors.     16ta    1871. 
Leeds  Philosophical  Socieiy-Anjinal  Report,  1870-1.    Svo. 
InVvaiio, /.  JLsg.  (<ft«  JuMor)— Investigationes  Cientiflcas.    (K  98)   8vo.    Bogota, 

1871. 
Manchester  Literary  and  PliUoeophieal  &)ets<y— Proceedings.   Vol.  XL    Nos.  2,  8. 

Svo.    1871. 
Photographic  Society— Jcmnal.    No.  227.    Svo.    1871. 
Symons,  0.  J.  Esq,  {the  ^utftor)— Symons*  Monthly  Meteorological  Maganne, 

Nov.  1871.    Svo. 
Vmreins  tw  BefOrderung  des  Oewerhfleisses  in  Preussen — ^Verhandlimgen,  Jnli^ 

Sept  1871.    4to. 
WUdy  M.  H.  {the  Director)— AutuIgb  de  rObaervatoire  Physique  Central  da 
Bussie,  1867-68.    4to.    1871. 
Jahiesbericht,  1870.    4to.    1871. 

Bepertorium  fiir  Meteorologie.    Band  II.  Heft  I.    4to.    1871. 
Yorkshire  Philoeophical  Society    Commnnications,  1870.    Sva 
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1872. 

WEEKLY  EVENING  MEETINO, 

Friday,  January  19, 1872. 

Snt  HxNBT  HoLLANi),  Bart  MJD.  D.OX.  FJLS.  Preddent, 

in  the  Chair. 

William  Odlino,  Esq.  M.R  FJL8. 

On  (he  Icut  new  Meted,  Indium. 

Thb  word  "  element "  is  used  by  chemists  in  a  peculiar  and  very 
limited  sense.  In  calling  certain  bodies  elements,  there  ia  no  inten- 
tion on  the  part  of  chemists  to  assert  the  undeoomposable  nature  or 
essence  of  the  bodies  so  called.  There  ia  not  even  an  intention  on 
their  part  to  assert  that  these  bodies  may  not  snfier  decomposition  in 
certain  of  the  processes  to  which  they  are  occasionally  subjected ;  but 
only  to  assert  that  they  have  not  hitherto  been  proyed  to  soffiar  decom- 
position ;  or,  in  other  words,  to  assert  that  their  observed  behavioor 
under  all  the  di£Eeront  modes  of  treatment  to  which  they  have  been 
exposed,  is  consistent  mth  the  hypothesis  of  their  not  having  under- 
gone decomposition. 

The  entire  matter  of  the  earth  then,  so  &r  as  chemists  are  yet 
acquainted  with  it,  is  composed  of  some  sixty-three  different  sorts  of 
matter  that  are  spoken  of  as  elementary;  not  because  they  are  conceived 
to  be  in  their  essence  primitive  or  elementary,  but  because,  neither  in 
the  course  of  nature  nor  in  the  processes  of  art,  have  they  been 
observed  to  suffer  decomposition.  No  one  of  them  has  ever  been 
observed  to  suffer  the  loss  of  any  substance  different  from  the  sub- 
stance of  its  entirety,  so  as  to  leave  a  residuary  substance  different 
from  the  substance  of  its  entirety.  Thus  chemists  are  incapable  of 
taking  away  from  iron,  for  example,  a  something  that  is  not  iron ;  or 
of  taking  away  from  it  anything  whatever,  so  as  to  leave  a  residue 
that  is  not  iron ;  whereas  tiicy  are  capable  of  taking  away  from  iron- 
pyrites  a  something  which  is  not  iron-pyrites  but  is  sulphur,  so  as  to 
leave  a  residue  which  is  not  iron-pyrites  but  is  metallic  iron. 

The  notion  of  all  other  material  bodies  being  constituted  o^  and 
decomposable  into  a  limited  number  of  elementary  bodies,  which  could 
not  themselves  be  proved  to  suffer  decomposition  or  mutual  trans- 
formation under  any  circumstances  whatever,  but  could,  on  the  con- 
trary, be  traced  respectively  through  entire  series  of  combinations, 
and  be  extracted  at  will  from  each  member  of  the  series,  is  a  notion 
which,  undergoing  in  course  of  time  a  gradual  development,  was  first 
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fluoric  acid,  the  latter  now  ^yi  fluoride  by 

Schoele  in  1774 ;  and  of  oxygen  by  Priestley  in  the  same  year. 

ThnB  prior  to  the  discovery  of  the  first  of  the  elementary  gaaee, 
twenty-three  kinds  of  mercnry 

were    known,    which  elements. 

Between  then  and  the 
and  one 

discovery  occurring  almost 

with,  or  even  just  preceding,  that  of  the  last  discovered  of  the 
elementary  gases. 

Among   the  number  of  bodies  diacovered   prior  to  1803,  when 
Davy  effected   the  decomposition   of  the  alkalies,    several,  at  first 
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elements,  as  palladimn,  osmium,  erbinm,  didjmium,  aranimD,  sod 
tbftllinm^  render  them  objects  of  the  highest  interest 

A  very  notable  point  with  regard  to  the  last-discovered  fonr  ele- 
ments, namely,  rubidium,  ctesium,  thallium,  and  indium,  is  their 
successive  discovery  within  a  few  years  of  each  other,  by  one  and  the 
same  process,  namely,  that  of  spectrum  analysis.  This  process,  in- 
vented and  made  available  as  a  means  of  chemical  research  by  Bunsen 
and  Eirchoff  in  1859,  consbts  simply  in  allowing  the  light  giv€sn  off 
by  different  ignited  gases  and  vapours,  limited  by  means  of  a  fine 
sUt,  to  pass  through  a  prism  or  succession  of  prisms ;  and  in  observing 
the  so-produced,  brightly-coloured,  widely-extended  image  of  the  slit 
It  has  been  known  from  the  days  of  Newton,  that  by  the  passage  of 
heterogeneous  light  through  a  prismatic  highly-dispersive  medium,  its 
differently  refrangible  constituents  become  widely  separated  from  each 
other,  so  as  to  furnish  an  elongated  coloured  spectrum.  But  whereas 
the  spectra  of  incandescent  solid  and  liquid  bodies  are  continuous, 
and  not  distinctive  of  the  particular  luminous  bodies  yielding  them, 
the  spectra  of  incandescent  gaseous  or  vaporisEcd  bodies  are  found  to 
be  discontinuous,  and  to  consist  of  one  or  more  bright  lines  of  different 
colour,  thickness,  and  position,  according  to  the  nature  of  the  par- 
ticular incandescent  gases  or  vapours  from  which  the  light  through 
the  slit  is  proceeding.  In  this  way  it  is  fotmd  that  the  spectra  of  the 
different  chemical  elements,  alike  when  free  and  in  combination,  are 
perfectly  definite,  and  characteristic  of  the  particular  elements  vapor- 
ized and  made  incandescent.*  And  in  many  cases,  the  spectra  or 
portions  of  the  spectra  of  particular  elements,  even  when  present  in 
the  most  minute  proportion,  are  so  extremely  well  marked  and  dis- 
tinctive, that  the  presence  or  absence  of  these  elements  is  determinable 
with  the  greatest  ease  and  certainty,  by  a  mere  inspection  of  the 
omission  spectra  yielded  by  the  incandescent  gases  or  vapours  under 
examination.  Moreover,  gases  and  vapours  are  further  capable  of 
affecting  hoterogoncous  light  which  is  passed  through  them;  and 
of  thus  yielding  absorption  spectra,  in  which  the  characteristic  lines  of 
the  above-described  emission  spectra  are  reversed,  so  as  to  appear, 
unaltered  in  position,  as  black  linos  or  intervals  in  an  otherwise 
continuous  band  of  colour. 

Now  the  salts  of  the  alkali-motals,  lithium,  sodium,  and  potassium, 
and  certain  of  the  salts  of  the  alkaline-earth  metals,  calcium,  strontium, 
and  barium,  being  very  readily  volatile,  upon  heating  these  salts, 
in  the  non-luminous  fiame  of  a  Bunsen  gas-burner  for  example,  they 
undergo  vaporization,  and  their  vapours  become  incandescent  and 
capable  of  yielding  the  characteristic  emission  spectra  of  the  par- 
ticular metals.     In  examining  in  this  way  the  alkali-salt  residue  of  a 

*  For  some  qualiticatious  of  this  statement,  vide  Roscoe's  *  6pectrum  Analysis/ 
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indebted  for  his  loan  of  nearly  60  grammea  of  metallio  indinm ;  and 
of  fine  spocimonB  of  other  rare  chemical  prodncts,  prepared  wi^  his 
well-known  skill,  in  a  state  of  great  purity  and  beanty. 

When  zinc  containing  indium  is  dissolved  not  quite  completely  in 
dilute  sulphuric  or  muriatic  acid,  the  whole  of  the  indium  originally 
present  in  the  zinc  is  loft  in  the  black  spongy  or  flocculent  residue  of 
undissolved  metal,  with  which  everyone  who  has  prepared  hydrogen 
gas  by  means  of  zinc  and  acid  is  so  well  acquainted.  Besides  some 
zinc,  this  black  residue  is  found  to  contain  lead,  cadmium,  iron,  and 
arsenic,  less  frequently  copper  and  thallium,  and  in  some  cases,  as 
that  of  the  Freiberg  zinc,  a  small  proportion  of  indium.  From  the 
solution  of  this  residue  in  nitric  acid,  the  indium  is  separated  by 
ordinary  analytical  processes,  based  chiefly  on  the  precipitability  of 
its  sulphide  by  sulphuretted  hydrogen  from  solutions  acidulated  only 
with  acetic  acid ;  and  on  the  precipitability  of  its  hydrate  both  by 
ammonia  and  carbonate  of  barium.  From  its  soluble  salts,  metallio 
indium  is  readily  thrown  down  in  the  spongy  state  by  means  of  zinc. 
The  waHhed  sponge  of  metal  is  then  pressed  together  between  filtering 
paper,  by  aid  of  a  screw  press,  and  finally  melted  under  a  flux  of 
cyanide  of  potassium. 

Thus  obtained,  indium  is  a  metal  of  an  almost  silver-white  colour, 
apt  to  become  faintly  bismuth-tinted.  It  tarnishes  slowly  on  exposure 
to  air,  and  thereby  acquires  very  much  the  appearance  of  ordinary 
load.  Like  lead,  it  is  compact  and  seemingly  devoid  of  crystalline 
structure.  Moreover,  like  lead  and  thallium,  it  is  exceedingly  soft, 
and  readily  capable  of  furnishing  wire,  by  the  process  of  "  squirting  " 
or  forcing.  The  specific  gravity  of  indium,  or  7*4,  is  very  close  to 
that  of  tin,  or  7*2;  and  much  above  that  of  alnminum,  2  •  6,  and 
below  that  of  lead,  11  •  4,  and  that  of  thallium,  11*9.  In  the  lowness  of 
its  melting  point,  namely  176*^  C,  indium  occupies  an  extreme  position 
among  the  metals  permanent  in  air ;  the  next  most  fusible  of  these 
metals,  namely  tin  and  cadmium,  melting  at  228° ;  bismuth  at  264° ; 
thalliimi  at  294° ;  and  lead  at  235°.  Though  so  readily  fusible,  indium 
is  not  an  especially  volatile  metal.  It  is  appreciably  less  volatile  than 
the  zinc  in  which  it  occurs,  and  far  less  volatile  than  cadmium. 
Heated  as  far  as  practicable  in  a  glass  tube,  it  is  incapable  of  being 
raised  to  a  temperature  sufficiently  high  to  allow  of  its  being  vaporized, 
even  in  a  current  of  hydrogen. 

Indium  resists  oxidation  up  to  a  temperature  somewhat  beyond  its 
melting  point,  but  at  much  higher  temperature  it  oxidizes  freely ;  and  at 
a  red  heat,  it  takes  fire  iu  the  air,  burning  with  a  characteristic  blue  flame 
and  abundant  brownish  smoke.  It  is  readily  attacked  by  nitric  acid, 
and  by  strong  sulphuric  and  muriatic  acids.  In  diluted  sulphuric  and 
muriatic  acids,  however,  it  dissolves  but  slowly,  with  evolution  of  hydro- 
gen. Oxide  of  indimn  is  a  pale  yellow  powder,  becoming  darker  when 
heated,  and  dissolving  in  acids  with  evolution  of  heat.  The  hydrated 
oxide  is  thrown  down  from  indium  solutions  bv  ammonia,  as  a  white, 
gelatinous,  alumina-like  precipitate,  drying  up  into  a  homy  mass.    The 
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snlting  from  the  rarity  and  Talue  of  the  body,  why  the  density  of 
its  yaponr  should  not  be  ascertained.  As  a  matter  of  fact,  howeyer, 
no  estimation  of  the  vaponr  density  of  indium  chloride  has  yet  been 
made,  and  any  evidence  that  might  be  deducible  from  it,  is  conse- 
quently not  forthcoming. 

Lastly,  a  most  important  guide  to  the  establishment  of  the  atomic 
weight  of  a  metal  is  the  determination  of  its  specific  heat.  In  cool- 
ing through  the  same  fall  of  temperature,  different  bodies,  as  is  well 
known,  give  out  exceedingly  different  quantities  of  heat.  In  the  case 
of  a  pound  of  bismuth  and  a  pound  of  brass  for  instance,  both  raised 
to  the  temperature  of  boiling  water,  and  then  immersed  in  an  excess 
of  ice,  the  quantity  of  ice  molted  by  the  pound  of  brass  in  cooling 
down  to  the  freezing  point,  will  be  found  to  be  more  than  throe  times 
as  great  as  the  quantity  of  ice  melted  by  the  pound  of  bismuth.  Now 
the  determination  of  the  specific  heats  of  most  of  the  metals,  compared 
with  the  specific  heat  of  an  oqual  weight  of  water  as  unity,  has  been 
made  with  extreme  care  and  exactitude  by  Hegnault ;  and  on  looking 
at  the  following  list  of  specific  heats,  mostly  of  his  determination, 
it  is  evident,  almost  at  a  glance,  that  the  specific  heats  of  the  metallic 
elements  are  inversely  as  their  respective  atomic  weights.  Thus, 
taking  the  first  and  last  elements  on  the  list  for  example,  it  is  observ- 
able that  the  specific  heat  of  lithium,  or  0*94,  is  weight  for  weight 
thirty  times  greater  than  the  specific  heat  of  bismuth,  0*08 ;  but  then 
the  atomic  weight  of  bismuth  is  thirty  times  greater  than  that  of 
lithium.  And  throughout,  the  product  of  the  specific  heat  into  the 
atomic  weight  of  one  metal,  divided  by  the  product  of  the  specific  heat 
into  the  atomic  weight  of  another  metal,  is  approximatively  equal  to  1, 
as  shown  in  the  fourth  column  of  the  following  Table,  in  which  the 
product  of  the  specific  heat  into  the  atomic  weight  of  silver  is  taken  as 
the  standard  dividend.  Now,  only  last  year,  concordant  estimations 
of  the  specific  heat  of  indium  were  made  by  Bunsen  and  a  Russian 
chemist,  Mendelcjeff;  the  mean  of  Bunsen's  two  estimations  being 
0*0569,  which  it  will  be  observed  is  very  close  to  Regnault's  esti- 
mations of  the  specific  heats  of  silver,  cadmium,  and  tin.  Accordingly, 
the  atomic  weight  of  indium  must  approximate  to  the  atomic  weights 
of  silver,  cadmium,  and  tin ;  or,  in  other  words,  it  cannot  be  87  -  8  x  !» 
or  37-8x2,  but  must  be  37-8x3  =  113-5;  and  the  quantity  of  chlo- 
rine combined  with  this  weight  of  indium  being  three  times  85*6 
parts,  indium  chloride  will  necessarily  appear  as  a  trichloride,  and  be 
expressed  by  the  foi*mula  In  Cl^.  The  determination  of  specific  heats 
being  a  matter  of  direct  experiment,  with  scarcely  any  ratiocination 
whatever,  it  seems  im][K)6sible  for  anyone  to  observe  the  relationship 
subsisting  between  the  accepted  atomic  weights  of  the  metals,  deduced 
from  experiment  by  a  highly  complex  train  of  reasoning,  and  tlieir 
directly  ascertained  specific  heats,  without  recognizing  that  in  the  case 
of  the  metals,  at  any  rate,  the  atomic  weights  of  the  chemist  are  some- 
thing more  than  vain  imaginings,  but  that  they  are  beyond  question 
the  terse  expression  of  a  fundamental  truth  in  nature. 
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Table  II. — Atomio  Hbatb  or  Mbtals. 


Chlorides. 


Atomic 
Weighu. 


LiCl       

NaCl      

MgCl,     

AlCl,      

KCi        

CaCl,     

MnCl, 

FeCl»  FeCl,      .. 

NiCl,     

CoCl,     

CaCl,  CaCl, 

ZnGl«     

AsGI,     

MoG]4     

BqC1„  BnClf     .. 

BoCl,     

PdCl,     

Aga      

CdCl,     

In  CI,      

8nCl„  8nCl«      .. 

8bCl„  SbCl,      .. 

TeCl^     

w^  Cn^,  W^  Cl^        •  • 

AuCl,  AnCl,      .. 

It  CI,,  IrCl4..     .. 

PtCl,,  PtCl4 

ObCI^  OBCI4 

HgCl,  HgCl,     .. 

Tici,  nci,..    .. 

PbCl,     

Bia,      


7 

23 

24 

27-5 

89 

40 

55 

56 

59 

59. 

63-5 

65 

75 

96 
104 
104 
106 
108 
112 
113-5 
118 
122 
129 
184 
196-5 
197 
197 
199 
200 
203 
207 
210 


Metals. 


Sped 
Heal 


ne 
ts. 


Atomic 

HMtS. 


Lithium 

Sodium .. 

Magnesium 

Aluminum 

Potassium 

Calcium 

Manganese 

Iron 

Nickel 

Cobalt 

Copper 

Zinc 

Arsenic 

Molybdenum 

Buthenium 

Bhodium 

Palladium 

Silver    .. 

Cadmium 

Indium  .. 

Tin 

Antimony 

Tellurium 

Tungsten 

Gold 

Iridium.. 

Platinum 

Osmium 

Mercury 

ThaUium 

Lead 

Bismuth 


-9408 

-2934 

-2499 

2143 

-1695 

1686 

1217 

1138 

1075 

1  • 

1067 

* 

0955 

0955 

0814 

0722 

0611 

0580 

-0593 

-0570 

0567 

0569 

0562 

0508 

0474 

0334 

0325 

-0326 

0324 

0311 

-0319 

-0325 

-0314 

•0308 

•07 
•09 
•97 
•95 
•07 
•09 
•08 
•03 
•03 
•02 
•98 
•01 
•99 
•12 
•03 
•98 
•02 
•00 
•03 
•05 
•07 
•00 
•03 
•00 
•03 
•04 
•04 
•00 
•03 
•07 
•06 
•05 
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The  most  important  chemioal  charaoters  of  indium  being  thus 
establiBhcd,  there  remains  for  consideration  only  the  question  of  its 
affinities  to  certain  of  the  preyionsly-known  elements.  And  seeing 
that  the  atomic  weights  of  the  elements  range  from  1,  the  atomic 
weight  of  hydrogen,  up  to  240,  the  atomic  weight  of  uranium,  there 
opens  out  the  further  question,  whether  the  more  obyious  chemical 
properties  of  the  different  elements  are  seriated  in  any  way  with  their 
atomic  weights ;  or  to  put  tliis  last  question  in  another  form,  whether 
the  varied  chemical  properties  of  the  elements  are  distributed  amcmg 
them  haphazard,  or  according  to  some  definite  system  of  which  the 
relationship  subsisting  between  their  several  atomic  weights  may  pos- 
sibly serve  as  a  key.  Now  the  atomic  weights,  as  distinguished  from 
the  combining  proportions,  of  yttrium,  erbium,  cerium,  li^ntlnmiiTn^ 
and  didymium,  must  be  regarded  for  the  present  as  quite  unknown. 
Out  of  the  fifty- eight  elements,  however,  of  which  the  atomic  weights 
have  been  more  or  less  well  determined,  forty-six  have  their  several 
atomic  weights  ranging  from  1  to  137,  in  an  almost  unbroken  succes- 
sion. Ton  of  the  other  twelve  have  atomic  weights  ranging  from  184, 
that  of  tantalum,  to  210,  that  of  bismuth ;  while  the  remaining  two, 

Table  III. — ^Elements,  in  Obdeb  of  Atomic  Weight.* 


1. 

2.           3. 

4. 

6. 

1        ®- 

7. 

i  *• 

Type. 

1 

I.  HI 

U   7 1  Ka  23 

jK    39 

•  • 

Bb85 

1 

Agios   Cs  133 

Bd 

II. 

G    9,Mg24 

Ca  40 

Zn65 

Sr  87-5 

Gd  112 :  Ba  137 

1 

BGl, 

III. 

j  B  11   Al  27-5 

•  • 

•  • 

-f 

In  113    X^ 

1 

BCl, 

IV. 

!g   12  Si    28 

Ti  50 

•  • 

Zr  89 

1 

Sn  118  '  X« 

RCl, 

V. 

N  14  P    31 

1 

V    51 

Aa75 

Nb94 

Sb  122 

.  • 

BCl. 

VI. 

0  16  S     32    1 

iCr  52-5 

Se  79 

Mo  96 

Te  129 

. . 

BCl. 

VU. 

F  19  CI   35-5 

1 

Mn55 

Br  80 

. . 

I     127 

. . 

BCl, 

VIII. 

•  • 

1 

••       1 

Fo  5G  1 

'  Co  59  I 

Ni  59  ) 

•  • 

Ro  104} 

1  Pd  106) 

1 

. . 

•  * 

BCl. 

Na  23 

•  • 

1 

Cu  63*5 

Ag  108 

j 

1 

namely,  thorium  and  uranium,  have  the  closely-approximating  atomic 
weights  238  and  240  respectively.  In  the  above  Tabic,  the  symbols  of 
the  forty-six  elements  having  atomic  weights  ranging  from  1  to  137, 


♦  This  Table  is  baaed  on  ono  published  by  the  author  in  1864-5.    Similar 


uranium  as  240,  is  also  due  to  Mendelejeff. 
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are  set  down  in  the  order  of  the  atomic  weights  of  the  elements  sym- 
bolized,— save  only  in  the  case  of  telloriom,  of  which  the  S3rmbol  is 
placed  immediately  above,  instead  of  below  that  of  iodine,  and  of 
which  the  atomic  weight  may  not  improbably  have  been  somewhat 
over-estimated.  And  violating  the  order  of  numerical  seriation  in 
this  small  particular  only,  it  is  remarkable  with  what  facility  the 
symbols  of  the  forty-six  elements  may  be  arranged  in  parallel  lines 
and  columns,  corresponding  to  a  natural  classification  of  the  elements 
themselves  into  analogous  groups  and  series.  Indeed,  a  study  of  the 
entire  number  of  elements  at  present  known,  would  seem  to  indicate 
that  they  are  one  and  all  associated  with  each  other  by  a  certain  com- 
munity of  relationship;  of  which  the  well-known  gradation  and 
parallelism  in  properties  and  atomic  weights,  of  the  members  of  the 
alkali  and  earth-alkali,  and  of  the  halogen  and  oxygen  families  of 
elements  afford  only  the  most  prominent  examples. 

Taking  the  second  line  of  the  Table  as  an  illustration,  it  is  observ- 
able that  the  seven  metals  symbolized  thereon  are  distinguished  from 
all  the  others  by  their  common  property  of  forming  one  chloride  only, 
and  that  a  di-chloride ;  further,  that  the  metals  figuring  in  the  uneven- 
numbered  columns  of  this  line,  namely,  magnesium  24,  zinc  65,  and 
cadmium  112,  are  permanent  in  the  air,  are  volatilizable  in  the  direct, 
and  basylous  in  the  inverse  order  of  their  atomic  weights,  and  are 
otherwise  specially  associated  with  one  another;  while  the  similarly 
associated  metals  of  the  alternate  or  even-numbered  columns,  namely, 
calcium  40,  strontium  87  *  5,  and  barium  137,  are  quickly  oxidizable  in 
the  air,  are  practically  non-volatile,  and  are  basylous  in  the  direct 
instead  of  in  the  inverse  order  of  their  atomic  weights ;  and  similarly, 
on  the  other  lines  of  the  Table,  the  elements  symbolized  are  divisible 
into  sub-groups,  according  to  their  odd  and  even  positions  respectively. 
Such  being  the  relationship  of  the  elements  placed  on  the  same 
line,  the  relationship  of  those  in  the  same  column  is  of  a  different 
kind.  Taking  the  third  and  seventh  columns  by  way  of  illustration, 
it  is  observable  that  the  consecutive  elements  in  each  column  have 
closely  consecutive  atomic  numbers ;  that  the  element  on  the  first  line 
forms  a  mono-chloride ;  that  on  the  second  line,  a  di-chloride ;  that 
on  the  third  line,  a  tri-chloride ;  and  that  on  the  fourth  line,  a  tetra- 
chloride ;  while  those  on  the  fifth,  sixth,  and  seventh  lines  form  oxides 
or  oxichlorides,  corresponding  to  a  p^[ita-,  hexa-,  and  hepta-chloride 
respectively. 

By  reason  of  its  atomic  weight,  118  *  5,  indium  is  observed  to  figure 
on  the  third  line  and  seventh  column  of  the  above  Table ;  but  its  posi- 
tion among  the  elements  is  better  recognizable  by  a  glance  at  the  Table 
below,  containing  a  portion  only  of  tiie  preceding  one,  supplemented 
by  an  additional  column  of  elements  of  higher  atomic  weight  than 
any  of  those  included  previously. 

In  respect  of  its  atomic  weight,  then,  triad  indium  occupies  a  posi- 
tion exactly  intermediate  between  the  positions  of  diad  cadmium  and 
tetrad  tin,  to  both  of  which  metals  it  presents  a  most  marked  re- 
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Bemblance  in  properties.  They  all  three  hare  the  Bune  extreme 
degree  of  fosibilitj,  and  mnch  the  same  oxidizability  and  redncibility. 
Their  snlphides  are  alike  oharacteriaed  by  a  yellow  colour,  that  of 
cadminm,  Cd  S,  being  neutral ;  that  of  tin,  Sn  St,  being  aciduloos ; 
and  that  of  indium,  In.  8t>  being  strictly  intermediate. 


8. 

7. 

10. 

Type. 

L    ..     .. 

Na23 

Ag  108 

•• 

Ba 

n 

Mg24 

Cd  112 

Hg200 

BO. 

m.   ..    .. 

Al  27-6 

In    113-5 

Tl  203 

BCl, 

IV 

81   28 

8n  118 

Pb207 

Ba« 

V 

P    31 

8b  122 

Bi  210 

Ba, 

VL    ..    .. 

8     82 

Te  129 

•  • 

BC1« 

Viewed  in  another  aspect,  triad  indium  occupies  a  position  inters 
mediate  between  the  positions  of  its  remote  triad  congeners,  aluminium 
and  thallium.  The  mean  atomic  weight  of  the  three  metals  being 
114*3,  the  atomic  weight  of  indium  is  113*6.  The  mean  specific 
gravity  of  the  three  metals  being  7*3,  the  specific  gravity  of  indium 
is  7  *  4.  And  in  rc8x>ect  of  purely  chemical  habitudes,  hydrated  alumina 
and  hydrated  india  might  easily  be  mistaken  for  one  another.  It  is 
interesting,  moreover,  to  remark  that  the  last-discovered  two  metals 
indium  and  thallium — discovered,  it  will  be  remembered,  by  the  same 
process,  that  of  spectrum  analysis — should  bear  to  one  another  much 
the  same  sort  of  relation  that  is  borne  to  one  another  by  the  jovian  and 
saturnine  metals  of  the  alchemical  or  even  pre-alchemical  era.  Just, 
for  example,  as  the  unstable  and  least-known  chloride  of  lead,  Pb  CI4, 
corresponds  to  the  stable  chloride  of  tin,  Sn  CI4,  so  does  the  unstable 
and  least-known  chloride  of  thallium,  Tl  CI,,  correspond  to  the  stable, 
and  as  yet  only  known,  chloride  of  indium,  In  CI,,  as  suggested, 
indeed,  by  the  lecturer  some  six  or  seven  years  ago. 

The  study  of  such  relationships  necessarily  suggests  many  inquiries. 
Arranging  the  entire  fifty-eight  elements  of  which  the  atomic  weights 
are  known,  in  a  table  similar  to  the  preceding  one  for  the  forty-six 
elements  having  atomic  weights  not  exceeding  137,  some  twenty  or 
fivc-and-twcnty  new  elements  would  be  required  to  fill  up  the  gaps  in 
the  dificreut  series ;  but  why  should  not  new  elements  be  discovered 
having  atomic  weights  as  much  above  that  of  uranium,  240,  as  its 
atomic  weight  is  above  that  of  barium,  137  ? 

Again,  does  it  seem  probable  that  bodies  capable  of  being  arranged 
in  such  a  well-marked  numerical  series,  are  really  elementary  and 
mutually  independent ;  or  is  it  more  likely  that  the  gradation  of 
properties  and  atomic  numbers  manifested  by  these  bodies,  depends  on 
their  possession  of  different  increments  of  common  material  ? 
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May  it  not  be  that  the  numerical  ratio  between  the  atomic  numbers 
of  proximate  elements,  -  =  approximatiyely  - ,  is  really  absolute ;  and 

that  it  will  hereafter  be  proved  to  be  so  by  a  better  determination  of 
atomic  weights.  Seeing  that  a  short  time  back,  caesium  vrith  the  atomic 
weight  133,  aod  rubidium  with  the  atomic  weight  85,  both  occurred  as 
unrecognized  impurities  in  potassium  with  its  atomic  weight  89,  who 
shall  answer  for  the  absolute  accuracy  of  even  the  best  established  of 
our  present  atomic  weights  ? 

Again,  the  mean  ^fiference  in  atomic  weight  between  consecutiYe 
analogous  elements,  is,  in  the  case  of  the  nine  following  pairs  of 
elements,  lithium  and  sodium,  glucinum  and  magnesium,  boron  and 
aluminum,  carbon  and  silicon,  nitrogen  and  phosphorus,  oxygen  and 
sulphur,  fluorine  and  chlorine,  sodium  and  potassium,  magnesium  and 
calcium,  16*1;  the  lowest  difference  being  15,  and  the  highest  17.  The 
mean  difference  in  the  case  of  the  four  following  similar  pairs  of 
proximate  elements,  phosphorus  andyanadium,  sulphur  and  chromium, 
chlorine  and  manganese,  arsenic  and  niobium,  is  19*25;  the  lowest 
difference  being  19,  and  the  highest  20  *  5.  Lastly,  the  mean  difference 
in  the  case  of  Uie  seven  following  similar  pairs  of  proximate  elements, 
calcium  and  zinc,  vanadium  and  arsenic,  manganese  and  bromine, 
rubidium  and  silver,  strontium  and  cacbnium,  silver  and  csBsium, 
tantalum  and  bismuth,  is  24  *  6 ;  the  lowest  and  highest  differences,  even 
in  the  case  of  these  elements  of  such  high  atomic  weight,  being  23 
and  26  respectively.  Are  these  differences  in  atomic  weight  only 
approximatively,  or  are  they  indeed  absolutely,  16,^  20,  and  24 
respectively ;  and  if  so,  why  should  the  numerical  difference  between 
proximate  associated  elements  be  16  in  one  set  of  cases,  20  in  another 
set,  and  24  in  a  third  ? 

[W.O.] 
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WEEKLY  EVENING  MEETING, 

Friday,  Jannary  26,  1872. 

Sir  Henbt  Holland,  Bart  M.D.  D.GX.  F.IL8.  President,. 

in  the  Ohair. 

Henbt  Edward  Abohbibhop  of  Wistminbtbb, 
On  the  Dceman  ofSocreUes. 

At  the  outset  I  must  plead  guilty  to  a  misnomer,  for  whidi,  however, 
I  am  not  responsible.  It  has  become  a  tradition  to  speak  of  the 
Dflomon  of  Socrates;  but  I  hope  to  show  that  the  term  is  without 
warrant  and  incorrect. 

The  Dtemon  of  Socrates  has  been  treated  so  often,  and  by  so 
many  authors,  historians,  philosophers,  and  critics,  both  in  classical 
and  Christian  times,  that  I,  at  least,  cannot  hope  to  say  anything  new 
upon  it.  I  may,  however,  review  the  judgments  of  others,  and  then 
offer  what  seems  to  mc  to  be  the  true  interpretation  of  this  singular 
fact  in  the  history  of  philosophy. 

It  will,  I  think,  be  found  to  be  no  mere  intellectual  eccentricity, 
no  more  superstition,  still  less  an  unmeaning  record  of  Greek  history, 
but  a  fact  in  the  psychology  of  the  greatest  philosophical  mind  of  the 
ancient  world,  full  of  significance  for  us,  and  throwing  much  light 
upon  the  analysis  of  our  moral  nature. 

The  life  of  Socrates  extended  over  a  tract  of  seventy  years,  that 
is  from  4G9  to  400  b.o.,  and  embraced  the  most  critical  and  splendid 

period  of  Athenian  history In  the  midst  of  all  the  splendours 

of  imperial  greatness,  intellectual  culture,  excessive  refinement, 
luxurious  self-indulgence,  public  and  private  immorality,  Socrates 
arose  as  a  cross-questioner  of  men,  a  seeker  after  moral  truth,  an 
example  and  a  teacher  of  temperance  and  justice.  There  is  some- 
thing majestic  and  melancholy  in  his  account  of  himself,  and  of  his 
mission,  as  lie  declared  it  in  his  Apology  before  his  judges.  He  was 
accused  by  Melctus  and  Anytus  of  corrupting  the  youth  of  Athens  by 
philosophical  paradoxes,  and  of  introducing  new  gods,  or  of  denying 
all  gods.     In  answer  ho  spoke  as  follows : — 

•*  If  you  should  say  to  mo,  *  O  Socrates,  wo  will  not  believe  Anytus.  We  will 
lot  you  off;  but  on  this  condition,  that  you  no  lonpjer  po  on  with  this  questioning 
and  philosophizing ;  and  if  you  should  bo  cau<;ht  again  doing  this,  you  shall 
die.' 

"  If,  as  I  said,  you  should  acquit  mc  on  these  conditions,  I  should  say  to  you, 
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any  reward.    I  think,  moreoTer,  that  I  addiioe  a  raffldent  witDMs  that  I  ipeak 
the  truth — I  mean  my  poverty.* 

'*  It  may  perhaps  appear  strange  that  I  should  go  to  and  fro,  giving  advice, 
and  busying  myself  about  these  things  in  private,  but  that  in  public  I  slK^uld  not 
venture  to  go  up  (i.e.  to  the  Pnyx)  to  g^ve  counsel  to  the  State  before  your 
assemblv.  But  the  cause  of  Uiis  is  what  yon  have  heard  me  say  often  and  in 
many  places ;  that  a  voice  is  present  with  me— a  certain  agency  of  Grod,  some- 
what divine  (8cu/<^yiov>— which  indeed  Meletus  has  caricatured  and  put  into  the 
indictment.  Now  this  began  with  me  from  my  childhood ;  a  certain  voice,  which 
always,  when  it  comes,  turns  me  aside  from  that  which  I  am  about  to  do,  but 
never  impels  me  to  do  anything.  It  is  this  which  opposed  my  mixing  in  politics^ 
and  I  think  ver^  wisely.  For  you  well  know,  O  Atnenians,  that  if  I  h^d  been 
hitherto  mixed  m  political  matters,  I  should  have  perished  long  ago ;  and  should 
have  done  no  good,  either  to  you  or  to  myself.  Do  not  be  ang^  vrith  me  for 
speaking  the  truth ;  for  there  is  no  man  who  will  save  his  life  if  he  shall  cou- 
rageouslv  oppose  either  you  or  any  other  populace,  by  striving  to  hinder  the 
multitude  of  unjust  and  lawless  things  which  are  done  in  the  State.  It  is  neces- 
sary, therefore,  that  anyone  who  really  combats  for  the  sake  of  justice,  if  he 
would  survive  even  for  a  little  while,  should  live  a  private  and  not  a  public 
Ufe."t 

Vnien  Socrates  had  ended  his  defence,  the  Totes  werel^ken :  first, 
he  was  condemned  as  guilty  of  the  charges  laid  against  him ;  and, 
secondly,  he  was  sentenced  to  die.  He  then  once  more  addressed  the 
court. 

**  I  would  wish  to  speak  kindly  with  those  who  have  voted  for  me,  in  respect 
to  what  has  now  happened ;  whUe  the  arohons  are  occupied,  and  before  I  go  to 
the  place  where  I  must  die.  Bear  with  me,  therefore,  O  Athenians,  for  audi 
time  as  we  have.    While  it  is  so  permitted,  nothing  forbids  our  conversing  to- 

g ether.  I  wish  to  show  to  you,  as  my  friends,  what  is  the  meaning  of  that  which 
as  now  befallen  rae.  O  my  judges— for  in  calling  you  judges  I  should  ctM 
you  rightly — something  marvellous  has  happened  to  me.  Hitherto,  the  Oracle 
of  the  iatfi6yioy,  which  is  familiarly  about  me,  with  gnreat  frequency  has  opposed 
itself,  even  in  very  little  things,  if  I  were  about  to  act, in  any  way  not  rightly. 
But  now  there  has  befallen  me,  as  you  yourselves  sec,  that  which  men  may  Uiink, 
and  most  men  do  ao«>unt,  to  be  the  greatest  of  evils.  And  yet  this  morning, 
neither  when  I  came  from  liome  did  the  8i<:^  from  the  God  oppose  itself,  nor  when 
I  came  up  hither  to  the  court  of  judgment,  nor  anywhere  during  the  defence  I 
was  about  to  make ;  althous^h  in  other  speeches  it  has  often  restrained  me  in  the 
very  midst  of  Hp>eaking.  But  now  in  this  affair  it  has  not  anywhere  opposed  me, 
either  in  any  deed  or  word.  What,  then,  do  I  suppose  to  be  *the  cause  ?  I  will 
tell  you.  That  which  has  happened  to  me  seems  to  be  a  good  thing ;  and  if  we 
think  death  to  bo  an  evil,  wo  are  in  error.  Of  this  I  have  a  sure  evidence ;  for  it 
cannot  be  that  tlie  accustomed  si^  would  not  have  opposed  itself  to  me,  if  I  were 
not  about  to  do  something  which  is  good.J 

*'  Wherefore,  O  my  judpjes,  you  ought  to  be  of  good  hope  about  death';  and  to 
know  this  to  bo  true,  that  no  evil  can  happen  to  a  good  man,  whether  in  life  or 
in  death ;  nor  are  his  affairs  neglected  by  the  gods.  Nor  are  my  affairs  at  this 
time  the  result  of  chance.  But  this  is  clear  to  me,  that  it  were  better  for  me 
now  to  die,  and  to  bo  set  free  from  troubles.  Wherefore  the  sign  has  in  nothine 
opposed  mo.  I  am,  tliercfore,  in  no  way  angry  with  those  who  have  condemned 
me,  nor  with  those  who  have  accused  me;  though  they  have  condemned  and 
accused  me  with  no  go<Ml  will,  but  rather  with  the  thought  to  hurt  me.  This, 
indeed,  in  them,  is  worthy  of  blame."  § 

*  Apologia  Socratis,  s.  18,  p.  118.  f  Ibid.  s.  19,  p.  123. 

X  Ibid.  s.  31,  p.  164.  §  Ibid.  s.  33,  p.  172. 
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Sncb  was  his  general  defence  against  his  accusers.  He  stood  np 
as  a  man  conscious  of  something  in  him  higher  than  himself;  of  a 
calling  and  a  mission  to  his  countrymen.  He  had  laboured  to  recall 
them  from  luxury,  self-indulgence,  ambition,  civil  strife,  political 
profligacy,  and  private  corruption.  He  told  them  roundly  that  no 
man  could  serve  them  who  mixed  in  their  politics — that  no  man  could 
rebuke  their  corruptions  and  live.  Therefore  it  was  that  Meletus  and 
Anytus  accused  him ;  and  their  accusation  was  the  expression  of  a 
wide-spread  enmity  in  Athens. 

The  charges  laid  against  Socrates  were  chiefly  two :  the  one,  that 
of  corrupting  the  youth  of  the  day  by  his  philosophy ;  the  other, 
that  of  impiety,  and  of  introducing  new  gods,  h-tpa  Koiva  Sai/Aovta, 
or  of  denying  the  existence  of  gods.  It  is  witii  the  latter  we  have 
chiefly  to  do,  because  it  connects  itself  with  the  belief  of  Socrates  in 
respect  to  the  Dsemonion,  or  voice,  or  sign,  which  from  his  childhood 
had  been  with  him  as  a  monitor  and  guide. 

In  answer  to  the  charge  of  atheism,  Socrates  asked  his  accuser : — 

**  Is  there  any  man  who  believes  that  there  are  human  affairs,  bnt  does  not 
belieye  in  the  existence  of  men ;  or  that  there  are  certain  rules  for  managing 
horses,  and  yet  believes  that  there  is  no  such  thing  as  a  horse  ?  There  is  no  8wm 
man.  But  prav  answer  me  this  point :  is  there  any  man  who  believes  divine 
things  and  yet  denies  the  being  of  a  God  ?  "  Meletus  answered,  **  No,  certainly.'* 
Then  8ocrates  replied :  ^  You  acknowledge,  then,  that  I  believe  and  teach  the 
existence  of  Deities.  So  that,  whether  they  be  new  or  old,  you  still  own  that  I 
believe  in  divinities  or  divine  agencies.  Now  if  I  believe  that  there  are  divinities 
or  divine  agencies,  I  must  necessarily  suppose  that  there  are  Gods."  * 

In  these  passages  of  Plato  we  have  the  fullest  and  most  explicit 
declaration  of  Socrates  respecting  the  Daemon  by  which  he  was  ad- 
monished. He  tells  us  that  it  was  a  '*  familiar  sign ;  an  oracle ;  a 
divine  voice : "  that  this  sign  had  been  with  him  from  his  in&ncy : 
that  its  office  was  to  take  hum  off  from  certain  lines  of  action ;  that  it 
did  not  impel  him  to  any. 

With  such  declarations  before  him,  it  is  not  wonderful  that  Plutarch 
ahould  have  supposed  this  Daemon  to  be  a  personal  being,  and  that  he 
should  have  written  a  book,  'De  Qemo  Socratis,'  on  the  'Familiar 
Spirit  of  Socrates;'  and  that  Apuleius  should  have  written  *De  Deo 
Socrates,'  of  '  The  Ood  of  Socrates : '  and  that  the  Neoplatonists  and 
certain  of  the  Christian  Fathers  should  have  understood  this  DsBmonion 
to  be  a  personal  being  or  genius :  whether  good  or  bad,  they  did  not 
determine. 

Plutarch  has  not  promoted  either  the  perspicuity  or  the  gravity  of 
the  subject  by  telling  us  that  '*  a  voice  in  the  cave  of  Trophonius  ex- 
pounded to  Timarchus  the  philosophy  of  daemons  in  the  following 
words: — 

**  Every  soul  partakes  of  reason.  It  cannot  be  without  reason  and  intelliffenoe. 
But  so  much  of  each  soul  as  is  mixed  with  flesh  and  passions  is  chanf^ed,  and 
tlirough  pain  or  pleasure  becomes  irrational.  Every  soul  does  not  mix  itself  in 
the  same  manner.    For  some  plunge  themselves  altogether  into  the  body,  and  so 

*  Apologia  Socratis,  s.  15,  p.  105. 
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in  this  life  their  whole  frame  is  oormpted  by  appetite  and  maBlon ;  othera  are 
mixed  only  in  pert,  but  the  purer  part  still  remains  ont  of  tae  body.  It  is  not 
diawn  down  into  it ;  but  it  floats  above,  and  touches  the  upper  nart  of  a  man's 
head.  It  is  like  a  cord  to  hold  up  and  direct  the  part  of  the  soul  which  is  sinking^, 
as  long  as  it  proves  obedient,*  and  is  not  overcome  by  the  passions  of  the  flesh. 
The  part  that  is  plunged  into  the  bodv  is  called  the  soul ;  but  the  uncorrupUd 
part  IS  called  the  mind,  and  people  think  that  it  is  within  them :  as  likewise  they 
miag^e  the  image  reflected  from  a  glass  is  in  the  glass.  But  the  more  in- 
teUigent,  who  know  it  to  be  external,  call  it  a  dffimon."  * 

*'  Such  was  the  soul  of  Hermodorus  the  Glazomenian,  of  which  it  is  reported 
that  for  nights  and  days  it  would  leave  his  bodv,  travel  over  many  oountri^  and 
return,  after  it  had  seen  thin^  and  ticked  with  persons  at  a  great  distance ;  till 
at  last,  by  the  treachery  of  his  wife,  his  body  was  delivered  to  his  enemies ;  and 
they  burnt  it  in  his  own  house  while  the  soul  was  abroad."  Plutarch  considerately 
adds:  **  It  is  certain  that  this  is  not  true:"  but  he  goes  on  to  say :  *^  The  soul  never 
went  out  of  the  body,  but  it  loosened  the  tie  that  held  the  demon,  and  gave  it 
range  and  freedom."  f 

Plutarch  then  relates  the  following  anecdote : — 

"  More  and  greater  things  you  may  learn  from  Simias,  and  other  companions 
of  Socrates ;  but  once,  when  I  was  present,  as  I  went  to  Euthjrphion  the  sooth- 
sayer, it  happened,  Simias,  as  you  remember,  that  Socrates  was  going  up  to 
Symbol um,  and  the  house  of  Andocides,  all  the  way  asking  questions,  and  play- 
fully attacking  Euthyphron.  When,  suddenly  standing  still,  and  making  us  to 
do  the  same,  he  pondered  with  himself  for  some  time.  Then,  turning  about,  he 
walked  tlirough  Trunkmakers*  Street,  calling  back  his  friends  that  walked  before 
him,  aiflrmlng^  that  it  was  because  of  his  dsBmon.  Many  turned  back,  amongst 
whom  I,  holding  Euthyphron,  was  one ;  but  some  of  the  youths,  keeping  on  the 
straight  road,  in  order,  as  it  were,  to  disprove  the  diemon  of  Socrates,  took  along 
with  them  GhariUus  the  piper,  who  came  with  me  to  Athens  to  see  Cebes.  Now, 
as  they  were  walking  through  Sculptors'  Street,  near  the  court  houses,  a  herd  of 
pigs,  covered  with  mud,  met  them;  and,  being  too  many  for  the  street,  and 
running  against  one  another,  they  upset  some  that  could  not  get  out  of  the  way, 
and  dirtied  others ;  and  Cliarillus  came  home  with  his  legs  and  clothes  very 
muddy;  so  that  often,  in  merriment,  they  would  remember  Socrates'  daemon, 
wondering  at  its  constant  care  of  the  man,  and  that  Heaven  kept  such  a  particular 
watch  over  him."  X 

"  I  myself,  Galaxidorus,  have  heard  a  Megarian,  who  had  it  from  Terpsion,  say 
that  Socrates'  daemon  was  nothing  else  but  the  sneezing  either  of  himself  or  of 
others;  for  if  another  sneezed,  either  before,  behind  him,  or  on  his  right  hand, 
then  he  went  on  to  do  what  he  was  about ;  but  if  on  the  left  hand,  he  refrained 
from  acting.  One  sort  of  his  own  sneezing  confirmed  him,  whilst  deliberating  and 
not  fully  resolved ;  another  stopped  him  when  already  about  to  act.  But  indeed 
it  seems  strange  that  if  he  used  sneezing  as  his  sign,  he  should  not  have  told  this 
to  his  friends,  but  should  have  said  that  it  was  a  dasmon  that  hindered  or  enjoined 
him."§ 

The  following  passage  is  more  to  our  purpose.     Plutarch  says :  — 

**  The  resolute  impulses  of  Socrates  seem  to  be  both  vigorous  and  firm,  as 
springing  from  ri<^ht  principles  and  strong  judgment.  Therefore  he,  of  his  own 
will,  lived  in  poverty  all  his  life,  though  he  had  friends  who  would  have  been  glad 
and  willing  to  give  to  him ;  he  would  not  give  up  philosophy,  notwithstanding  all 
the  discouragements  he  mot  with ;  and  at  last,  when  his  friends  endeavoured  and 
skilfully  contrived  his  escape,  he  would  not  yield  to  their  entreaties,  nor  with- 


♦  Plutarch,  De  Genio  Socratis,  sect.  xxii.     Moralia.     Tom.  i.  713.     Ed. 
Doehner,  Paris,  1841. 

t  Ibid.  X  Ibid.  sect.  x.  §  Ibid.  sect.  xi. 


1 872. J  on  the  Dixmon  of  Socrates.  407 

draw  from  death,  but  maintained  an  inflexible  mind  in  the  last  extremity.  And 
Aurely  th^se  are  not  the  actions  of  a  man  whose  designs,  wlien  once  fixed,  could 
be  altered  by  omens  or  sneezings  ;  but  of  one  who,  by  some  higher  guidance  and 
principle,  is  directed  to  do  right/'* 

Plutarch  then  says  that  Socrates  foretold  the  overthrow  of  the 
Athenians  in  Sicily ;  and  that  in  the  pursuit  at  Delium  ho,  with  Alci- 
biades  and  Laches,  escaped  by  Begiste,  while  others  who  would  not 
follow  him  were  overtaken  and  slain.  This  caused  the  dsBmon  of 
Socrates  to  be  much  talked  of  in  Athens. 

We  may  now  dismiss  these  speculations,  and  come  back  to  Socrates, 
and  learn  from  himself  what  he  understood  and  intended  ns  to  under- 
stand by  his  DsBmon  or  Dspmonion. 

But  here  again  we  are  brought  to  a  standstilL  We  cannot  inter- 
rogate Socrates  himselfl  We  can  only  get  to  him  by  hearsay. 
Between  him  and  us  stand  Xenophon  and  Plato.  It  is,  after  all, 
Xenophon  and  Plato,  not  Socrates,  who  speak  to  us.  Worse  than 
this,  Xenophon  and  Plato  do  not  agree  in  what  they  tell  us;  and, 
worst  of  all,  what  they  tell  us  evidently  takes  form  and  colour  from 

their  own  minds The  Socrates  of  Xenophon  stands  out  dear, 

hard,  definite ;  a  matter  of  fact  description,  a  photograph  with  few 
after-touches,  with  little  sense  that  an3rthing  needs  explanation,  or 
could  have  any  meaning  but  the  letter  of  the  text.  The  Socrates  of 
Plato  comes  to  us  through  the  prisms  of  his  marvellous  imagination  ; 
80  as  to  create  a  misgiving  whether  it  be  a  conscientious  likeness  or  a 
portrait  by  the  hand  of  an  artist  and  a  friend,  too  creative  and  too 
fond  to  be  faithful.  Nevertheless,  we  are  reduced  to  those  two  bio- 
graphers. They  are  the  only  full  and  trustworthy  witnesses  in  dose 
personal  contact  with  the  man  whom  they  describe. 

We  will  endeavour,  then,  to  ascertain  what  they  understood  by 
the  dsBmon  of  Socrates.  This  will  at  least  give  the  best  approxima- 
tion to  what  Socrates  understood  by  it  himself. 

In  order  to  do  this,  we  will  first  take  down  their  evidence  as  they 
gave  it,  and  next  compare  the  two  testimonies ;  and,  lastly,  make  an 
estimate  of  their  differences.  When  this  is  done  we  may  use  our  own 
criticism :  for  it  is  one  thing  to  ascertain  what  Socrates  may  have 
understood,  it  is  another  to  ascertain  what  we  may  understand  by  the 
psychological  facta  narrated  by  him  or  by  them.  It  is  not  to  be  too 
hastily  assumed  that  Socrates  was  an  adequate  interpreter  of. the 
internal  facia  even  of  his  own  mind.  It  is  not  unreasonable  to 
believe  that  the  philosophical  and  other  profounder  experience  of  two 
thousand  years  may  have  enabled  us  more  truly  than  he  could  to 
analyze  and  to  appreciate  the  &cts  and  phenomena  of  moral  and 
mental  philosophy.  The  heart  has  beat,  and  the  blood  has  circulated, 
from  the  beginning  of  time ;  yet  we  take  the  physiology  of  Harvey 
as  to  the  blood,  rather  than  that  of  Hippocrates.  The  Ethics  even  of 
Aristotle  are,  in  analytical  depth  and  precise  delineation,  conspicuously 


Plutarch,  De  Gonio  Socralis,  sect.  ix. 
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in  advance  of  the  method  and  teaching  of  Socrates.    In  this  the  dis- 
ciple is  above  his  master,  and  we  may  be  above  both. 

Let  us  begin  then  with  Xenophon.  The  chief  passages  in  which 
he  describes  the  Dcemonion  are  as  follows : — 

*'It  was  in  the  mouths  of  men  that  Socrates  declared  that  the  Deity,  or 
Dsemonion  (rh  9cufi6yiov)  made  things  known  to  him,  or  gave  him  signs  by  which 
to  know  them." 

*'  He  used  to  say  that  the  Diemonion  signified  (things)  to  him ;  and  that  he 
often  advised  those  who  were  with  him  to  do  some  things,  and  not  to  do  others, 
as  the  DsBmonion  forewarned  liim/** 

**  For  he  thought  that  the  Gods  (robs  etohs)  had  care  of  men  in  a  way  unlike 
that  which  most  men  imagine :  for  they  suppose  that  the  Gods  know  indeed  some 
things,  and  do  not  know  others.  But  Socrates  believed  the  Gods  to  know  all 
things :  whatsoever  tbings  are  said,  or  done,  or  purposed  in  secret ;  and  that  they 
are  everywhere  present :  and  that  they  make  known  human  things  to  men."! 

^  When  Hermogenes  sorrowfully  upbraided  him  for  not  defending  himself  more 
elaborately,  and  for  even  provoking  his  judges  against  him,  Soi'rates  answered: 
Of  a  truth,  Hermogenes,  when  I  set  to  work  to  think  out  my  defence  before  the 
judges  the  Dsemonion  hindered  me/  "  X 

Finally,  Xenophon  says  of  him  that  he  was  "  so  pious  that  he  would  do  nothing 
without  the  counsel  of  the  Gods.''§ 

Such  then  is  the  evidence  of  Xenophon:  upon  which  these 
remarks  may  be  mada 

1.  That  Xenophon  carefully  distinguishes  between  the  Diemon  of  Socrates, 
which  he  calls  t^  SatfioyioPt  and  the  Gods,  whom  he  calls  robs  Btohs, 

2.  That, he  describes  the  Diemonion  as  showing  beforehand  what  things  are 
to  be  done,  and  what  not  to  be  done :  that  is  to  say,  that  the  action  of  this  monitor 
was  both  to  enjoin  and  to  forbid. 

3.  That  he  refers  this  admonition  and  direction  to  the  Gods,  without  whose 
counsel  (yyciffirj)  Socrates  would  never  act. 

4.  That  nothing  in  Xenophon  is  to  be  found  which  invests  the  Dsemonion 
with  personality,  or  with  any  other  character  than  that  of  a  divine  influence  or 
agency,  or  a  counsel  or  direction  of  the  Gods  acting  upon  the  reason  of  man. 

We  will  now  proceed  to  our  other  witnes& 

The  chief  passages  of  Plato  bearing  on  the  Dsmonion  are  those 
which  we  have  already  quoted  from  the  Apology.  They  need  not  be 
repeated. 

To  these  may  be  added  what  follows. 

In  the  Euthydemus,  Socrates  says :  **  I  happened  to  be  providentially  rittinff 
alone  in  the  place  where  you  saw  me,  in  the  dressing  room  (of  the  Lyctemn),  and 
I  had  in  my  mind  to  be  gone.  When  I  got  up,  the  accustomed  sign,  the 
Dsemonion,  came ;  I  therefore  again  sat  down.''  |{  Boon  after  came  Euthydemus 
and  his  companions. 

Again,  in  the  Phsedrus :  *'  When  I  was  about  to  cross  the  river,  the  Dssmonion, 
the  accustomed  sign,  came,  which  restrains  me  when  I  am  about  to  do  anything : 
and  I  seemed  to  hear  a  certain  voice,  which  did  not  suffer  me  to  proceed  until  I 
should  have  expiated  myself,  as  huving  in  some  way  offended  against  God."  f 


♦  Xenoph.  Mem.  lib.  i.  c.  1,  s.  1.    Oxon.  1785.  f  Ibid.  s.  4. 

X  Ibid.  lib.  iv.  c.  8,  a.  3.  §  Ibid.  lib.  iv.  c.  8,  s.  4. 

II  Euthydemus,  273,  vol.  vi.  p.  80.    Ed.  Stallbaum,  (^othss,  1836. 
^  PhsDdrus,  242,  vol.  iv.  72. 
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And  in  the  Aloibiades,  he  says :  '*  The  cause  of  this  was  nothing  human,  bnt 
a  certain  divine  hindrance,  the  power  of  which  yon  shall  hereafter  hear ;  but  now, 
as  it  no  longer  hinders  me,  I  am  therefore  come,  and  I  am  in  good  hope  that  for 
the  future  it  will  not  hinder  me."  * 

In  the  Theffitetus,  he  says :  **  The  Dsmonion  which  comes  to  me  hinders  my 
intercourse  with  some,  and  not  with  others/'f 

And  in  the  Republic :  **  It  is  not  worth  while  to  speak  of  the  divine  sig^  which 
comes  to  me :  whether  it  have  occurred  to  any  other  or  not."t 

I  do  not  quote  from  the  Theages,  in  which  there  is  much  on  the 
point,  for  two  reasons.  First,  doubts  have  been  raised  as  to  its 
authenticity :  and  secondly,  the  statements  contained  in  it  maj  be 
found  also  in  other  dialogues  of  which  there  is  no  doubt. 

Now  in  these  passages  we  haye  the  following  points : — 

1.  That  the  DsBmonion  is  spoken  of  as  Btiop  ri,  HcufjJrtoPj  <nifitio¥^  ^rff,  and 
•twOvia  rod  Zaifutvlou  fjMyriiHi ;  something  divine,  something  of  the  Deity,  a  sign, 
a  voice,  the  accustomed  divination  or  oracle  of  the  Deity.  It  is  evident,  there- 
fore, that  Plato  represents  it  as  an  agency,  or  a  voice,  not  as  an  agent  or  a  person ; 
and  if  the  agent  or  person  from  whom  this  agency  or  voice  prooMd  be  sought  for, 
it  is  to  be  found  in  God  or  in  the  Gods. 

2.  That  the  function  of  tUis  agency  or  voice  was  to  check,  to  hinder,  and  to 
restrain,  not  to  suggest  or  to  prompt  to  any  line  of  action. 

3.  That  it  manifested  itself  in  such  apparently  fortuitous  events  as  the 
hindering  the  departure  of  Socrates  from  the  Lycieum  till  Euthydemus  came ; 
and  vdrv  M  afUKpois^  even  in  the  least  things :  that  is  to  say,  its  function  was  to 
forewarn  or  to  check  in  matters  not  so  much  of  right  and  wrong  as  of  safety,  or 
of  expediency,  or  of  good  fortune. 

Comparing  these  two  testimonies  of  Xenophon  and  Plato  we  find — 

1.  That  they  agree  as  to  the  impersonal  nature  of  the  Dnmonion.  The  terms 
used  by  them  signify  at  the  utmost  a  divine  agency  or  a  divine  voice ;  they  do 
not  signify  the  presence  or  attendance  of  a  divine  person,  or  of  a  familiar  spirit. 

It  is,  perhaps,  not  wonderful  that  some  of  the  ancients  should  have 
so  misunderstood  their  language,  and  that  Socrates  should  have  been 
accused  of  introducing  new  deities.  The  same  charge  was  in  like 
manner  made  against  tike  Apostle  at  Athens,  because  he  preached  the 
Besurrection,  rrfy,  dvaoTao-iF.  Nevertheless  Cicero  understood  Plato's 
language,  and  translated  the  Diemonion  by  *'  divinum  aliquid,'* 

It  is  to  be  borne  in  mind  that  both  Xenophon  and  Plato  sp&BAif 
not  as  we  do,  of  the  Acu/uudk  of  Socrates,  but  of  the  Soufiovtov.  Thej 
never  speak  of  the  haifioviov  as  ^cos ;  but  observe  strictly  the  known 
distinction  between  these  terms.  Aoi/idviov  signifies  the  abstract  or 
neuter  idea  of  Divine  power,  the  Deity,  or  the  Divinity.  As  Aristotle 
says,  it  implies  ^  0eo9  ^  €>€ov  ^ov,§  either  the  presence  or  the  power, 
not  of  a  &u/x<iiv  or  inferior  divinity,  but  of  God.  ^alfjuay  is  so  far 
used  convertibly  with  ©cos,  that  it  is  sometimes  used  for  0eo9,  but 
0CO9  is  never  used  for  Aou/xcjv.  0cos  and  Aa^uov  are  sometimes  used 
together ;  but  AcufUDv  signifies  a  divinity  of  lower  rank. 


*  Alcibiades,  103,  vol.  v.  221.  f  Theastetus,  151,  vol.  viii  71. 

I  De  Bepublica,  lib.  vi.  a  496.  §  Arist  Bhet  U.  xxiu.  8. 
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In  the  Apology,  Socrates  tells  his  judges  that  when  he  was  coming 
out  of  his  honse,  ro  rov  $€ov  (njfiwjv,  the  sign  of  the  Gk)d,  di»- 
tingoishing  the  agency  from  the  person,  hindered  him.  Xenophon 
also  makes  Eathydemns  say  that  the  Qoda  showed  a  special  friendship 
to  Socrates.  And  again  he  says,  speaking  of  voices,  signs,  and  divina- 
tions, that  by  these  things,  rov%  $€ovq  oi/fuuVciv,  the  Glods  signified 
things  to  man.  The  Saifioviov  was  one  of  those  signs :  impersonal, 
derived  from  a  divine  agent 

2.  Tliat  thoy  disagree  as  to  the  function  or  office  of  the  Dssmonion.  Xenophon 
ascribes  to  it  the  twofold  office  of  suggestion  and  restraint.  Plato  aacribes  to  it 
expressly  that  of  restraint  only.  Plutarch  agrees  with  Xenophon,  and  describes 
its  office  as  cither  restraining  or  enjoining ;  KuK^wy,  f^  KcAcDwy.* 

3.  That  they  further  disagree,  inasmuch  as  Xenophon  recognizee  the  action  of 
the  Dffimonion  in  matters  of  right  or  wrong,  as  well  as  in  matters  of  expediency ; 
whereas  Plato  seems  to  restrict  it  to  the  latter. 

The  sum  of  the  evidence,  therefore,  may  be  thns  stated.  Socrates 
believed  himself  to  be  assisted  from  his  childhood  by  a  divine  agency, 
whoroby  ho  was  forewarned  and  guided  in  matters  of  his  own  personal 
conduct,  both  towards  himself,  as  in  his  escape  after  the  defeat  at 
Dclium,  and  his  waiting  in  the  Lycadum ;  and  towards  others,  as  in 
judging  what  disci[)los  to  receive  or  to  reject,  and  in  his  whole  mission 
as  cross-examiner  of  his  fellow-countrymen. 

Such  is  the  judgment  of  ancient  writers.  I  will  quote  only  a  few 
of  the  many  modem  critics  on  this  subject 

Bishop  Thirlwall  says :  **  Socrates,  who  was  used  to  reflect  profoundly  on  the 
state  of  his  own  mind,  had,  it  seems,  gradually  become  conylnced  that  he  was 
favoured  by  the  Grods  with  an  inward  sign,  which  he  described  as  a  voice.**  f 

In  like  manner,  Mr.  Groto  says :  *'  We  have  also  to  note  that  marked  feature 
in  the  character  of  Socrates,  the  standing  upon  his  own  individual  reason,  and 
measure  of  good  and  evil ;  nay,  even  perhaps  his  confidence  in  it  so  far  as  to 
believe  in  a  divine  voice  informing  and  moving  him.**t  Mr.  Grote  further  refers 
in  a  note  to  a  curious  passage  from  the  Life  of  Coriolanus  by  Plutarch,  where  he 
says  that  the  Gods  do  not  infuse  into  men  new  volitions ;  but  they  work  upon 
the  principle  of  association  in  the  mind,  suggesting  ideas  which  conduct  to  the 
appropriate  volitions.  Plutarch's  words  are — "  Not  infusing  the  motive  powers, 
but  the  ideas  which  call  those  motive  powers  into  activity ;  not  making  the  act 
involuntary  by  constraint,  but  giving  an  outset  to  the  will,  and  inspiring  it  with 
courage  and  hope.'* 

According  to  both  these  estimates  it  would  appear  that  the 
groundwork  of  this  divine  action,  as  Socrates  believed  it  to  be,  was 
the  intellectual  and  moral  activity  of  his  own  mind. 

Zoller,  in  his  work  on  Socrates  and  the  Socratic  Schools,  gives  his 
estimate  of  the  Dcemonion  in  the  following  words : — 

"  The  ^ai^Suioi^  is  therefore  an  internal  oracle,  and  as  such  it  is  by  Xenophon 
and  Plato  included  under  the  more  general  notion  of  divination,  and  placed  on  a 
par  with  divination  by  sacrifice  and  the  flight  of  birds.    In  attempting  to  bring 


*  De  Genio  Socratis,  sect.  xi.  f  Hist,  of  Greece,  vol.  iv.  p.  290. 

X  Grote'B  Plato,  vol.  i.  p.  295. 


1872.]  on  the  Demon  of  Socrates.  411 

this  inward  revelation  of  Socrates  into  harmony  with  the  facts  of  psychology,  it 
may  be  laid  down  in  the  first  place  that  the  dcsmoniwn  must  not  be  confounded 
with  the  voice  of  conscience,  as  many  ancient  and  modem  critics  have  done." 
.  .  .  .  "  The  ZmfUviov  has  nothing  to  do  with  the  universal  moral  standard,  which, 
according  to  Socrates,  is  a  matter  for  pure  intelligence  to  determine."  ....**  For 
these  [that  is,  actions  in  prospect]  Socrates  either  has  recourse  to  /Aomjc))  in 
general,  or  to  his  Soiju^Kior,  leaving  moral  conduct  to  be  determined  by  <dear 
knowledge.**  ♦ 

We  are  here  approacliing  to  the  estimate  which  appears  to  me  to 
be  both  adequate  and  true. 

Mr.  Hiddell,  of  Bdiliol,  after  carefolly  amJyzing  the  evidence  we 
have  hitherto  examined,  says  : — 

^*  If,  then,  declining  Socrates*  account,  we  are  disposed  to  refer  the  phenomenon 
to  ordinary  psychological  causes,  we  can  do  so  satirfactorily,  provided  we  confine 
our  attention  to  Xenophon*s  account  alone.  All  Xenopnon's  notices  of  it 
encourage  the  view  that  it  was  a  quick  exercise  of  a  judgment,  informed  by 
knowledge  of  the  subject,  trained  by  experience,  and  inferring  from  cause  to 
efi'ect,  without  consciousness  of  the  process.  In  a  mind  so  purified  by  temperance 
and  self-knowledge,  so  single  of  purpose,  and  unperturbed  by  lower  aims,  endowed 
with  such  powerful  natural  faculties,  especially  those  of  observation  and  of  causality, 
the  ability  to  forecast  and  forejudge  might  become  almost  an  inmiediate  sense. 

"  As  to  the  reconcilement  of  authorities,  when  Plato  makeb  Socrates  say,  M 
iworpmi  fit,  he  describes  it  by  its  most  perceptible  act.  For  its  coincidence  with 
an  existing  purpose  would  be  superfluous  ana  little  noticeable.  ....  The  voice 
was  no  impulse :  it  did  not  spieak  to  the  will,  but  had  a  critical  or  reflexive 
function." 

Mr.  Riddell  goes  on  to  say,  that  the  Soi/i^rtoy  was  "an  nnanalyzed  act  of 
judgment ; "  that  it  was  Kptnicfi,  not  ^viroimic^,  that  it  was  Socrates'  substitute 
for  ftairriicfi,  and  that,  where  men  are  wont  to  have  recourse  to  external  pretop- 
natural  aids,  Socrates  went  by  a  guide  within  himself:  that  to  this  guide  he,  in 
all  good  faith,  gave  a  religious  name.  "  His  mental  acts,  so  far  as  he  could  unravel 
them,  were  his  own,  were  human :  beyond  his  ken,  they  were  divine ;  and  what 
really  was  of  the  nature  of  an  immediate  critical  sense,  seemed  to  him  an 
immediate  inspiration."t 

This  appears  to  me  to  be  in  outline  an  explanation  both  tme 
and  adequate. 

If  I  were  asked  to  add  my  own  judgment  as  to  what  the  Daamon  of 
Socrates  was,  in  the  estimate  of  Socrates  himself,  I  should  answer  as 
follows : — 

It  was  a  belief  of  a  divine  assistance,  granted,  as  he  says,  to  all 
men  in  some  things,  and  in  some  special  circumstances ;  of  which 
most  men  are  hardly,  if  at  all,  conscious  :  but  in  his  case  it  was  con- 
sciously recognized  from  his  childhood,  and  it  acted  upon  him  in  and 
through  the  intellectual  and  moral  operations  of  his  own  mind :  so 
that  he  ascribed  to  the  action  of  the  DaBmonion  much  that  was 
undoubtedly  the  normal  activity  of  his  own  intelleotual  and  moral 
state. 

Such,  I  think,  Socrates  belieyed  it  to  be. 


*  Zeller's  Socrates  and  the  Sooratio  Schools,  pp.  76-78.    Longman,  1868. 
t  BiddeU's  Apology  of  PUto,  pp.  105-8.    Oxford.  1867. 
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If^  howeyer,  I  were  asked  wliat  we  may  believe  it  to  hmre  been,  I 

would  answer : — 

1.  That,  holding  altogether  with  Lord  Baoon,  when  he  says  in  his 
'  Essay  on  Atheism,'  ^  I  had  rather  believe  all  the  &bleB  of  the 
Legend,  and  the  Talmud,  and  the  Alcoran,  than  that  this  universal 
frame  is  without  a  mind" — ^we  may  well  believe  in  a  divine  provi- 
dence surrounding  the  life,  and  a  divine  action  present  to  the  mind, 
of  any  man  who,  according  to  the  testimony  of  one  that  knew  him  by 
closest  intimacy,  was  '*  so  pious  as  never  to  do  anything  without  the 
counsel  of  the  Qoda ;  so  just  as  never  to  hurt  anyone  even  in 
the  lightest  thing :  but  full  of  the  greatest  benefit  to  all  who  con- 
versed with  him :  so  temperate  as  never  to  prefer  what  was  pleasant 
to  what  was  best :  so  prudent  as  never  to  err  in  discerning  the  better 
from  the  worse ;  and  never  to  need  the  judgment  of  any  other  in  this 
discernment,  being  sufficient  in  himself.''*  That  a  divine  providence 
and  a  divine  help  are  over  the  whole  intellectual  and  moral  world,  is 
an  axiomatic  truth  in  the  relation  of  Gk)d  to  man :  that  they  may  be 
looked  for  in  a  special  deg^ree  in  just  and  prudent  men,  follows  as  a 
corollary  from  that  axiom.  But  as  this  lies  beyond  our  analysiB,  we 
will  confine  ourselves  to  the  subject  as  a  matter  of  psychology. 

I  will  therefore  add  a  further  proposition,  namely : — 

2.  That  the  statements  of  Xenophon  and  Plato  may  be,  not  only 
harmonized,  but  brought  under  the  same  psychologicid  explanation, 
resting  on  the  laws  of  the  speculative  and  tiie  practical  reason.  It 
would  indeed  bo  too  narrow  an  explanation,  as  Zeller  objects,  to  refer 
the  signs  of  this  monitor  to  the  action  of  conscience  alone ;  for  con- 
science is  only  one  office,  or  one  function,  of  the  reason  of  man. 
Nevertheless  it  is  certain,  that  in  a  large  part  of  that  which  Socrates 
referred  to  the  DsBmonion,  conscience  was  directly  present  and  per- 
ceptibly in  action.  It  is  no  objection  to  this  to  quote,  as  Zeller  does, 
the  declaration  of  Socrates  that,  "  It  is  idle  to  consult  the  Gk>ds  about 
things  which  may  be  known  by  deliberation,"  j  or  to  say  that  Socrates 
^  referred  morals  to  the  judgment  of  reason."  t  This  is  precisely  the 
philosophical  definition  of  conscience.  Conscience  is  dictamen  roHomi, 
It  is  reason  acting  upun  right  and  wrong  with  a  view  to  practice: 
just  as  apprelicnsion  is  the  reason  acting  upon  truth  and  falsehood 
with  a  view  to  science.  In  matter  of  speculative  truth,  as  in  physical 
science,  geometry,  and  the  like,  the  intellect  acts  without  any  response 
from  the  passions  or  aficctions  of  the  moral  nature.  Aristotle  in  the 
*  Bhctoric '  says  that  mathematics  have  no  ethical  character,  but  that 
the  teaching  of  Socrates  has.§  In  matter  of  practical  truth,  the 
discernments  of  the  intellect  are  followed  by  a  response  of  the  moral 
nature  by  way  of  approval  or  disapproval.  But  the  primary  judge  is 
the  reason,  the  response  of  the  moral  nature  is  secondary.  It  is, 
therefore,  most  true  that  morals  are  subject  to  the  jurisdiction  of 


Xenoph.  Memorabilia,  lib.  iv.  o.  1,  b.  5.  f  Ibid.  p.  78. 

X  Ibid.  §  Bhet.  iii.  16,  8. 
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reason ;  bnt  that  does  not  prove  that  this  monitor  of  Socrates  was  not 
in  great  part  the  action  of  conscience. 

And  here  it  may  be  weU  to  make  more  clear  and  precise  the  philo- 
sophical definition  of  conscience.  . 

Scientia  is  the  simple  knowledge  of  things  by  the  reason.  Con- 
scientia  is  the  self-knowledge  of  the  reason  or  mind.  "  Nil  conscire 
sibi,  nulla  pallescere  colpa."  Now  this  conscience  in  its  first  inten- 
tion is  consciousness,  as  we  commonly  call  it.  It  extends  over  all 
the  internal  acts  of  the  reason  or  mind,  over  the  whole  inner  world 
of  our  personal  identity.  Conscience,  in  the  second  intention  of 
common  parlance,  signifies  the  reason  judging  of  moral  action,  and 
discerning  of  right  from  wrong,  with  an  approval  or  disapproval  of 
the  moral  sense  following  upon  its  decisions.  Metaphysicians,  there- 
fore, distinguish  the  operations  of  conscience  into  two  kinds,  and 
speak  of  a  psychological  conscience,  by  which  we  reflect  upon  internal 
acts  of  the  mind  in  general,  and  a  moral  conscience,  by  which  we 
reflect  upon  and  judge  of  the  ethical  character  of  actions,  whether 
internal  or  external.  And  this  conscience  they  again  distinguish  into 
habitual  and  actual.  The  habitual  conscience  is  the  permanent  dis- 
position of  the  mind  in  relation' to  its  own  moral  state;  the  actual 
conscience  is  the  exertion  of  its  attention  and  judicial  discernment 
on  its  own  moral  acts.  The  habitual  conscience  is  spontaneous^  and 
therefore  unconscious ;  the  actual  conscience  is  reflex,  deliberate^ 
and  therefore  conscious. 

Such  is  the  language  of  scholastic  philosophy;  and  this  seems 
with  great  precision  to  account  for  the  fact  which  Socrates  appears  to 
have  observed  in  himself,  and  Plato  has  recorded ;  namely,  that  the 
Dsmonion  seemed  to  act  only  by  way  of  check  and  restraint.  The 
spontaneous  action  of  conscience  was  habitual  and  unperceived ;  the 
actual  aroused  attention  and  conscious  eflbrt.* 

In  saying,  then,  that  this  internal  monitor  of  Socrates  is  the 
reason,  including  the  conscience,  I  intend  expressly  to  include  what 
is  here  described  as  the  psychological  as  well  as  the  moral  conscience, 
and  also  the  distinction  between  the  habitual  or  spontaneous,  and  the 
actual  or  deliberate  conscience.  The  application  of  this  will  be 
further  seen  when  we  answer  an  objection  which  may  be  anticipated. 
This  comprehensive  view  includes  all  the  mental  judgments,  whether 
of  expediency  or  of  morality,  that  is,  both  of  prudence  and  of  rectitude. 

As  to  the  examples  given  by  Xenophon  and  Plato,  in  aimoflt  everjf 
one  of  them  may  be  traced  a  moral  element  and  a  moral  disoemment. 

For  instance :  The  decision  of  Socrates  to  keep  out  of  politics, 
that  he  might  better  serve  the  public  good.  This  is  surely  a  high 
moral  judgment,  involving  the  noblest  motives  of  relative  duty.  The 
discernment  as  to  what  disciples  to  retain;  or  what  persons  to  receive 
back  again  among  them  after  they  had  once  left  him,  unless  it  were  a 
blind  and  capricious  act,  which  in  Socrates  is  incredible,  must  have 

*  Priioo.  Filoflofia  Specalativa,  torn.  i.  pp.  208-10.    Napolifl,  1864. 
Vol.  VI.    (Na  66.)  2  o 
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been  founded  upon  such  a  disoemment  of  moral  qualities  and  diBtino- 
tions,  both  in  his  own  character  and  in  that  of  others,  as  to  demand 
the  exercise  of  the  moral  reason.  When  we  say  that  one  man  is  sim- 
patico  and  another  antipatico,  we  are  exercising  a  moral  sense  and 
discrimination  of  an  intimate  and  explicit  sort;  and  this  determines 
ns  in  receiving  or  refusing  to  receive  men  to  our  conMenoe. 

In  deciding  that  he  would  not  defend  himself  so  as  to  escape  deaths 
the  action  of  conscience,  sustaining  the  highest  aspirations  and  the 
noblest  intrepidity,  is  clearly  revealed. 

I  admit  that  in  the  escape  after  the  flight  and  pursuit  at  Delium, 
and  in  the  waiting  in  the  LycaBum,  and  in  the  matter  of  Plutarch's 
pigs,  there  is  to  be  discerned  rather  the  activity  of  prudence  than  of 
conscience.  But  on  the  supposition  that  the  monitor  of  Socrates  was 
a  mature  and  experienced  reason,  the  action  of  both  prudence  and 
conscience  would  be  alike  included. 

To  this  it  may  be  objected,  that  Plato  distinctly  declaims  that  the 
monitor  of  Socrates  told  him,  not  what  things  to  do,  but  what  things 
not  to  do ;  that  inasmuch  as  conscience  has  a  twofold  office  towards 
both  good  and  evil,  the  Damonion  could  not  be  conscience. 

But  to  this  objection  two  answers  may  be  made. 

The  first,  that  Xenophon  and  Plutarch  directly  say  that  the 
Diemonion  both  enjoined  and  forbade^  that  is,  pronounced  for  or  against 
certain  lines  of  action. 

The  other  answer  has  been  anticipated  by  the  statements  of  our 
Scholastic  Philosophy.  It  has  been  shown  that  the  action  of  con- 
science, when  it  suggests  or  approves  anything,  is  less  preoeptible 
than  when  it  disapproves  or  forbids.  This  may  be  seen  by  analogies. 
We  are  insensible  of  our  continuous  respiration,  but  distinctly  sensible 
of  the  act  of  holding  the  breath ;  it  is  on  actug  imperatug  requiring  a 
conscious  exertion  of  the  will.  Again,  in  walking,  we  are  unconscious 
of  the  momentum  of  our  pace,  but  conscious  of  any  hindrance,  and 
even  of  the  act  of  stopping.  The  moral  reason  or  conscience  is 
always  in  activity,  but  with  little  or  no  reflex  action  upon  itself,  until 
something  offends  it.  We  are  then  conscious  of  a  change  of  attitude, 
and  of  a  recoil.  For  instance,  the  reason  and  conscience  of  Socrates 
permitted  him  freely  to  mix  among  men  to  cross-examine  them,  but 
not  to  entdr  into  politics.  In  the  former,  he  followed  his  own  spon- 
taneous inclination ;  in  the  latter,  h^  imposed  a  conscious  restraint 
upon  himself.  This  is  what  Aristotle  describes  as  prudence,  or 
^povYjcri,^.  He  distinguishes  it  from  science,  as  being  an  intellectual 
habit  conversant  with  practical  and  contingent  matter;  and  from 
intuition,  as  being  of  details  rather  than  of  principles.  He  says  that 
<E>poio/o-t9,  or  prudence,  is  an  intellectual  virtue  conversant  about 
moral  action.  And  he  ascribes  to  it  a  power  of  sight,  which  is  so 
trained  and  perfected  by  experience  as  to  discern  with  an  intuitive 
rapidity  what  is  right  or  expedient  in  practice.  He  says  that  prudent 
men  have  a  faculty  which  men  call  (Sctvdn/s)  skill,  or  ability,  or 
resource,  "  the  nature  of  which  is  to  do — and  to  do  correctly — the 


1873.]  OH  ihe  Demon  of  Socrates.  416 

ihiiigs  wliich  condaoo  to  the  end  propoeed.  If  this  aim  be  good,  the 
skill  is  praiseworthy ;  but  if  it  be  bad,  it  becomes  craft."  Wherefore 
Aristotle  says,  ''we  call  prudent  men  skilfnl,  and  not  crafty.  But 
pmdence  is  not  the  same  as  this  faculty  (t.  e.  Scivon/s,  or  skiU.  But 
the  habit  of  prudence  grows  upon  this  ej^e,  as  it  were,  of  the  soul."* 
This  is  a  precise  description  of  the  prompt  and  provident  intuition, 
ft  sort  of  ayxivota,  and  cv/3ovXia,  presence  of  mind,  rapidity  of  counsel, 
with  which  Socrates  diseovered  the  useful,  or  the  expedient  in  matters 
of  practice.  But  the  nature  of  this  intellectual  faculty  is,  in  the 
main,  distinctly  moitd ;  and  belongs  to  the  region  of  conscience,  or  the 
discernment  of  right  and  wrong. 

This  instinct  or  faculty  of  moral  discernment  is  traceable  through- 
out the  whole  history  of  the  ancient  world.  St.  Paul  only  affinns 
what  all  records  of  antiquity  demonstrate  in  saying,  *'  When  the 
(Gentiles  which  have  not  the  law  do  by  nature  the  things  contained  in 
the  law,  these,  having  not  the  law,  are  a  law  unto  themselves,  which 
«how  the  works  of  the  law  written  in  their  hearts,  their  conscience 
also  bearing  witness  (<rvfjifjuiprvpovayj9  aimay  ttj^  (tukci^ito'&os),  and  their 
thoughts  the  meanwhile  accusing  or  else  excusing  one  another.''t 

Once  more :  it  may  be  objected  that  it  is  not  for  us  to  theorize  as 
to  what  Socrates  ou^t  to  have  understood  of  his  own  inward  life, 
but  to  take  filings  as  he  expressed  them. 

To  this  I  have  already  by  anticipation  made  one  suf&cient  answer. 
Bat  I  will  add  another.  Socrates  refused  to  be  classed  with  the 
philosophers  or  teachers  of  Athens.  He  delivered  no  system  of  phi- 
losophy. He  framed  to  himself  no  moral  or  mental  science.  He 
found  philosophy  in  the  hands  of  Physicists,  or  physical  theorists,  and 
Sophii^  He  thought  the  Physicists  to  be  vamly  curious,  if  not 
impious,  in  trying  to  discover  what  the  Grods  kept  secret :  he  thought 
the  Sophists  to  be  venal,  superficial,  and  immoral.  Ho  was  the 
founder,  not  of  a  new  philosophy,  but  of  a  new  era  in  philosophy. 
He  extricated  the  conceptions  of  God  and  of  morality  from  the  region 
and  philosophy  of  matter,  and  set  them  in  the  sphere  of  mind.  He 
brought  down  philosophy,  as  Cicero  says,  from  heaven  to  earth,  to  the 
market-place,  and  the  streets,  and  the  homes  and  the  hearts  of  men. 
He  cross-examined  every  man  he  met  with,  politicians,  philosophers,  rho-  * 
torieians,  painters,  private  citizens,  artisans :  but  he  framed  no  system, 
and  laid  down  no  Uieories ;  he  made  no  analysis  of  the  human  mind. 
Lord  Baocm  is  said  to  have  created  a  Novum  Organnm  in  philosophy 
by  questioning  Nature.  This  Socrates  certainly  did  by  questioning 
man.  His  method  was  one  of  universal  questioning,  whereby  he 
heaped  up  materials  for  his  disciples,  one  of  whom  afterwards  gave 
to  them  a  scientific  order  and  precision  of  expression  which  has  formed 
the  imperishable  basis  of  mental  and  moral  philosophy  to  this  day. 
The  Ethics  of  Aristotle  analyze,  lay  out,  distinguiKh,  and  define  the 


♦  Ariftt.  Eth.  N.  L.  vi.  xii.  r^  ififunt  rovrtf  '  yiytreu  Trjs  ^vxv^- 
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intellectual  and  moral  prooeBsee  of  the  human  mind — ^modern  meta- 
physiciauB  must  bear  with  me — with  a  truth  which  has  never  been 
surpassed.  What  Socrates  felt,  Aristotle  has  fixed  by  exact  analysis. 
The  character  of  Socrates  is  l^e  ^pdvifios  of  Aristotle,  the  prudent 
man ;  but  prudence  is  etymologically  and  essentially  fur-seeing,*  the 
perfection  of  the  moral  reason.  *'  ML  men,"  he  says,  "  seem  to  testify 
that  such  a  habit  which  is  according  to  prudence  is  virtue.  But  it  is 
necessary  to  make  a  slight  difference,  for  yirtue  is  -not  only  a  habit 
according  to  right  reason,  but  inseparably  joined  ¥rith  right  reason  ; 
and  prudence  is  the  same  as  right  reason  on  these  subjects.  Socrates 
therefore,"  Aristotle  says,  '*  thought  the  virtues  to  be  reasons  or 
rational  habits,  for  he  thought  them  all  to  be  sciences,  but  we  think 
them  to  be  intellectual  habits  joined  with  reason.  It  is  clear,  however, 
from  what  has  been  said,  that  it  is  impossible  for  a  man  to  be  properly 
virtuous  without  prudence,  or  to  be  prudent  without  moral  virtue."t 
Aristotle  seems  to  me  to  give  in  this  passage  the  psychologicid 
analysis  of  the  intuition  and  providence  witii  which  Socrates  was  emi-^ 
nenUy  endowed.  His  prudence  or  ^pdvTo-is  constituted  the  avropiccia, 
or  sdf-dependence  of  reason  in  all  questions  of  morality,  of  which 
Xenophon  speaks. 

Nullum  numen  abest  si  sit  Prudentia,  nos  te 
No8  facimus,  Fortuna,  deam  ooBloque  locamu8.t 

The  prudence  of  Socrates  was  his  own  moral  state,  and  yet  non 
mne  Numine,  for  we  may  well  believe  that  to  him  was  granted  no 
common  share  in  the  "Light  that  lighteth  every  man  that  cometh 
into  this  world." 

In  saying  this,  I  am  not  rejecting  the  supposition  that  the  par- 
ticular providence  which  never  suffers  even  a  sparrow  to  fall  to  the 
ground  without  its  Creator*s  will,  may  have  in  a  special  way  encom- 
passed the  life  of  a  man  who  witnessed  in  a  corrupt  world  to  the 
lights  of  nature  and  to  the  laws  of  right.  In  the  midst  of  an 
intellectual  frivolity  and  a  moral  degradation  never  surpassed  in  the 
history  of  mankind,  made  all  the  guiltier  by  reason  of  the  refined 
culture  and  luxurious  civilization  of  Athens,  Socrates  bore  witness, 

*  until  seventy  years  of  age,  to  the  supremacy  of  prudence,  justice, 
fortitude,  and  temperance,  the  four  perfections  of  man  in  the  order  of 
nature. 

Whether  the  estimate  I  have  given  of  the  DsBmonion  of  Socrates 

*  be  true  or  not,  the  inquiry  in  which  we  have  been  engaged  is  mani- 
festly not  a  barren  speculation.  It  sets  before  us  a  great  moral 
example,  it  teaches  us  a  great  moral  law,  necessary  to  men  at  all 
times,  vital  to  us  in  these  declining  days.  I  mean,  that  there  is  no 
way  for  men  to  attain  their  true  dignity,  nor  to  serve  their  age  and 


♦  Prudens  futuri  temporU  exitum 
GaliginoBa  nocie  premit  Deus. — Hor.  Od.  iii.  29. 
t  Eth.  N.  L.  vi.  xiii.  %  Juvenal,  lib.  iv.  sat.  x.  365-6. 
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oooniry,  bat  to  be  upright  in  conscience,  and  even  at  the  cost  of  life 
to  be  both  in  pnblic  and  private  duty  prudent  and  temperate,  just  and 
l»aye.  It  tells  us  with  a  thrilling  human  yoice,  and  in  the  accents  of 
our  common  humanity,  that  man*s  supreme  rule  of  right  is  the  moral 
reason  or  conscience ;  that  the  cultivation  of  the  mere  intellect,  while 
the  nunral  life  and  powers  lie  fiJlow,  is  the  work  of  sophists,  deceivers, 
or  deceived,  or  botii ;  that  the  education  of  man  is  lus  moral  forma- 
tion; that  intellectual  culture  without  moral  goodness  is  a  wildfire 
and  a  pestilence  which  makes  havoc  of  men  and  states ;  that  know- 
ledge is  virtue,  and  virtue  knowledge ;  for  that,  unless  we  would 
maim  and  mutilate  our  being,  the  intellectual  and  moral  powers  of 
man  must  be  simultaneously  and  equably  unfolded  and  matured. 
These  are  axioms  of  the  moral  life ;  vital,  I  say,  at  all  times  and  in 
all  lands,  but  nowhere  more  in  season  and  more  wholesome  than  to  us 
who,  in  the  sudden  growth  of  a  vast  maritime  empire,  splendid  and 
unstable  from  its  very  greatness,  in  the  refinements  of  luxury,  and  the 
inundation  of  a  stupendous  prosperity,  seem  to  be  developing  some  of 
the  moral  and  intelleotual  evils  which  went  before  the  &I1  of  imperial 
Athens ; — political  fietctions,  licentious  freedom,  sophistical  education, 
a  relaxation  of  moral  and  religious  traditions,  a  growing  scepticism, 
an  unstable  public  opinion  swayed  to  and  fro  by  nameless  hands,  and 
by  irresponsible  voices.  In  such  a  public  state  Socrates  lived 
and  died,  bequeathing  to  us  this  lesson — that  Conscience  is  the  Voice 
of  God. 
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PsonssoB  Ttndall,  LL.D.  FMS. 
On  ike  Identity  of  lAghi  and  Radiant  Heat. 

Whbthbb  we  regard  its  achievements  in  the  past,  or  its  promise  and 
tendency  in  the  future,  all  that  we  know  of  physical  science — every 
bent  and  bias  which  we  receive  from  its  pursuit — tends  to  confirm  the 
dictum  of  the  poet  regarding  this  universe : — 

**  All  are  but  parts  of  one  atupendouB  whole, 
#  Whose  body  Nature  is."  * 

If  I  halt  here,  and  omit  the  next  clause  of  the  couplet,  it  is  not 
because  physical  science  has  arrived  at  any  conclusion  hostile  to  that 


*  '*  All  are  bnt  parts  of  one  stapendoas  whole. 
WIkmc  body  Nature  is,  and  God  the  soul. 

PoPB*8  Et$ay  on  Jfan,  KpLiUo  I.,  line  267. 
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olaoBe,  at  all  events  in  its  profoundest  signification,  but  simply  because 
what  the  poet  goes  on  to  affirm  lies  outside  the  sphere  of  science. 
We,  as  physical  students,  have  to  do  with  "  Nature"  only,  and  our 
view  of  nature  could  not  be  more  happily  expressed  than  by  the  figure 
employed  by  the  poet.  For  our  yocation,  and  the  delight  and  disci- 
pline that  it  confers,  do  not  consist  in  the  registration  of  unrelated 
facts  and  phenomena;  but  in  the  searching  out  and  discovery  of 
relationship  in  a  system,  whose  parts  we  hold  to  be  as  closely  and 
definitely  related  to  each  other  as  are  the  various  organs  and  functions 
of  the  living  body  itself. 

It  was  tills  spirit  of  search,  this  capacity  and  desire,  developed 
amid  natural  agencies,  to  detect  the  lines  of  connection  between  these 
agencies,  that  gave  for  a  time  such  keen  interest  to  the  discussion,' 
whether  light  and  heat  were  essentially  different  things,  or  whether  a 
substantial  identity  subsisted  between  them.  It  is  not  so  very  many 
years  since  that  most  excellent  experimenter  and  philosophical  in- 
quirer, Melloni,  isolated  from  a  solar  beam  a  brilliant  light,  and 
finding  it  incompetent  to  affect  his  most  sensitive  thermosoopie 
apparatus,  concluded  that  light  and  heat  were  essentially  distinct. 
&ut  in  drawing  this  conclusion,  Melloni  forgot  that  he  was  implicitly 
dealing  with  an  instrument  of  almost  infinitely  greater  delicacy  than 
his  thermoscopic  apparatus ;  he  forgot  that  the  human  eye,  and  the 
consciousness  connected  with  the  eye,  are  capable  of  being  vividly 
excited  by  an  amount  of  force  which  when  translated  into  heat  might 
defy  all  the  thermometers  in  the  world  to  detect  it.  Melloni  himself 
subsequently  modified  his  conclusion. 

It  is  not  so  very  long  since  the  late  Principal  Forbes  was  eagerly 
engaged  in  establishing  the  important  point  that  radiant  heat,  like 
light,  is  capable  of  being  polarized.  Since  that  time  Knoblauch, 
Foucault,  Fizcau,  and  Seebeck  have  applied  their  refined  experimental 
skill  to  this  question  of  identity ;  and  those  excellent  investigators 
De  la  Provostaye  and  DesaiAS,  pushed  the  analogy  between  light  and 
heat  80  far  as  to  prove  that  the  magnetization  of  a  ray  of  light,  in 
Faraday's  sense  of  the  term,  has  its  parallel  in  the  magnetization  of 
a  ray  of  heat. 

It  was,  however,  in  theii*  private  cabinets  that  these  experimenters 
obtained  their  results,  which  were  in  most  cases  so  small,  as  to 
require  attention  on  the  part  of  a  skilled  observer  to  detect  them. 
But  science  grows;  and  our  experimental  means  augment  as  our  know- 
ledge expands.  Becent  discoveries  and  improvements  will,  I  trust, 
enable  me  to  make  evident  to  you,  to-night,  effects  which  have  been 
hitherto  confined  to  far  more  limited  circles ;  some  of  which  indeed 
have  only  been  seen  by  the  observers  who  first  noticed  and  described 
them.  And  if  those  accidents  which  often  hold  sway  over  lecture- 
experiments  of  a  delicate  character  should  prove  favourable,  we  may  be 
able  to  push  the  subject  a  hair's  breadth  beyond  the  limits  which 
observation  has  hitherto  assigned  to  it. 

Heat  is  presented  to  us  in  two  aspects :  sometimes  associated  with 
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ordinary  mmlter,  tbrongli  which  it  creeps  by  the  process  of  conduction ; 
sometimes  not  associated  with  ordinary  matter,  but,  like  light,  flying 
through  space  with  immense  Telocity.  In  this  latter  form  it  is  called 
radiani  keoL  Badiant  heat  obviously  and  palpably  comes  to  us  from 
the  Sun,  but  here  it  is  entangled  with  light.  Let  me,  in  the  first 
place,  endeayour  to  unravel  this  entanglement 

When  white  light  is  refracted,  it  is  unravelled  and  the  spectrum 
is  produced.  -  A  spectrum  of  the  electric  light  was  thrown  upon  a 
Bcreen;  and  red,  green,  and  black  ribbons  about  an  inch  wide  were 
suocessively  moved  along  it.  The  red  placed  in  the  red  light  ap- 
peared a  brilliant  red;  when  moved  into  the  green  it  became  black. 
In  like  manner  the  green  ribbon  moved  from  the  green,  where  it 
Rhone  vividly  green,  into  the  red,  became  an  intense  black.  The  black 
ribbon  was  black  in  every  part  of  the  spectrum. 

Now  the  red  ribbon  is  not  heated  in  red,  and  the  green  is  not 
heated  in  green;  but  red  is  heated  in  green,  and  green  in  red.  We 
have  heating  only  where  we  have  absorption ;  and  the  heat  generated 
»  the  equivalent  of  the  light  absorbed.  Black  absorbs  all  the  rays 
of  li^t,  henoe,  indeed,  its  blackness ;  and  if  it  could  speak,  it  might 
tell  us  the  warmth  of  every  colour.  But  warmth  exists  outside  the 
ooloors.  Beyond  the  red,  where  nothing  is  seen,  the  force  acting  on 
the  retina  is  far  greater  than  when  the  eye  is  plunged  in  the  red. 
The  objective  here  is  entirely  out  of  proportion  to  the  subjective. 

The  existence  of  this  heat  was  thus  proved.  All  the  colours  but 
the  red  were  cut  off  by  a  red  glass,  and  with  a  diaphragm  having  a 
circular  opening,  a  well-defined  red  circle  was  produced.  This  was 
refracted  by  a  prism,  still  remaining  a  circle.  A  thermo-pile  with  its 
€m»  towards  the  lamp  was  then  caused  to  approach  the  path  of  the 
beam.  It  would  have  been  seen  by  its  shadow  on  the  screen  if  the 
light  had  been  at  all  invaded;  but  with  a  considerable  interval  be- 
iweefa  the  pile  and  the  light,  a  large  deflection  of  the  galvanometer 
testified  to  the  presence  of  heat  beyond  the  luminous  circle.  An 
opaque  solution*  was  substituted  for  the  red  glass.  A  circle  re- 
mained, but  it  was  an  invisible  circle  of  radiant  heat  instead  of  a 
circle  of  light,  and  the  needle  of  the  galvanometer  did  not  fidl, 
though  the  visible  image  had  vanished. 

.  Thus,  as  regards  refraction,  wo  have  radiant  heat  behavmg  like 
li^t.  And  now  for  reflexion.  A  horizontal  beam  of  light  was  re- 
flected upwards  by  a  plane  mirror,  and  when  the  light  was  cut  off  by 
the  introanction  of  the  opaque  cell,  a  powerful  beam  of  reflected  heat 
was  proved  still  to  remain.  The  luminous  beam  was  then  MaUy 
refieeied  by  a  prism  to  a  horizontal  direction ;  the  light  was  again  cut 
o^  and  a  powerful  deflection  of  the  galvanometer  needle  was  obtained 
by  the  residual  heat-beam.  Thus,  in  respect  to  common  and  total 
reflexion  the  behaviour  of  light  and  heat  is  the  same. 


*  Iodine  in  biBolpbide  of  carbon. 


420  Pro/et9ar  TpndaU  [Feb.  2, 

The  action  of  lenses  on  li^^t  and  heal  was  then  demonstrated, 
the  invisible  heat-rays  being  brought  to  a  focos  as  readily  as  the 
rays  of  light. 

A  beam  of  light  was  then  made  to  strike  a  oonoave  minor,  and  at 
the  focus,  which  was  strikingly  visible  in  the  dust  of  the  room,  the 
thermo-pile  was  placed,  having  its  &oe  covered.  The  light  being  cat 
oif  by  the  dark  cell,  and  the  covering  screen  drawn  iftway,  the  needle 
of  the  galvanometer  at  once  flew  to  its  stops. 

Doable  refraction  by  Iceland  spar  was  next  described  and  ex- 
plained. It  was  illustrated  by  passing  through  the  spai^  a  circular 
beam  of  light,  which,  on  the  screen,  gave  two  imBges,  The  places 
on  the  screen  where  these  two  images  fell  were  marked,  and  the 
light  was  cut  off  by  the  iodine  cell.  On  introducing  the  thermo- 
pile with  its  face  towards  the  lamp,  when  it  occupied  the  position 
of  either  light-image,  a  deflection  of  the  needle  was  obtained.  Of 
the  two  images,  one  is  the  ordinary,  the  other  the  extraordinary. 
Is  the  same  true  of  the  heat  ?  Placing  the  pile  in  the  place  of  the 
ordinary  image,  cutting  off  the  light,  and  turning  the  spar,  the  deflec- 
tion of  the  needle  remained  unchanged;  but  when  the  spar  was  turned 
round,  while  the  pile  occupied  the  place  of  the  extraordinary  image, 
the  needle  instantiy  fell.  Why  ?  Beonoving  the  dark  cell  and  rotating 
the  spar,  the  extraordinary  light-image  was  seen  to  rotate  round  the 
ordinary  one,  which  remained  fixed.  The  heat-beam  did  the  same  and 
thus  quitted  the  pile.  Here  then  we  prove  that  the  heat-beam  also 
has  its  ordinary  and  extraordinary  image.  This,  it  was  believed,  was 
the  first  time  the  effect  had  been  obtained  with  purely  invisible  heat 
Knoblauch  had  demonstrated  the  double  refraction  of  heat,  using  the 
total  beam,  luminous  and  non-luminous,  of  the  Sun. 

Some  of  the  phenomena  of  polarization  were  next  touched  on. 
Light  is  propagated  by  the  undulations  of  an  etherial  medium,  the 
direction  of  vibration  being  perpendicular  to  the  direction  of  propaga- 
tion. A  crystal  of  tourmaline  has  the  property  of  quenching  all  vibrations 
except  those  which  are  parallel  to  the  axis  of  the  crystal ;  hence,  a 
plate  of  tourmaline  cut  parallel  to  the  axis  will  allow  all  vibrations  in 
that  direction  to  pass  through  it,  but  will  stop  all  others.  A  beam  of 
light  which  has  passed  through  one  plate  of  tourmaline  is  therefore 
unable  to  pass  through  another  placed  transversely  to  it,  whereas,  if 
the  axes  are  parallel,  the  light  is  but  little  dimmed  by  the  second  plate. 
The  black  space  duo  to  the  superposition  of  the  crossed  plates  of  tour- 
maline was  shown,  as  also  the  abolition  of  the  darkness  by  a  thin  film 
of  mica  introduced  between  the  plates. 

A  beam  with  all  its  vibrations  reduced  to  the  same  plane  is  called 
a  beam  of  plane  polarized  light. 

The  two  beams  emergent  from  double-refracting  spar  are  thus 
polarized.  Nicol  got  rid  of  one.  He  cut  a  parallelepiped  of  spar 
into  two  by  a  very  oblique  section,  polished  the  two  surfaces,  and  united 
them  by  Canada  balsam.  The  ordinary  or  more  iiowcrfully  refracted 
ray,  at  the  sui'face  of  the  balsam  is,  in  consequence  of  its  obliquity, 


1872.J  cm  ike  IdeniUy  of  UgJU  and  BadiatU  Heat.  421 

totoUj  reflected,  and  the  extraordinary  ray  passes  on  alone.  In  this 
way  we  obtain  an  intense  beam  of  polwriaed  Hgbt. 

A  beam  of  light  was  sent  through  two  large  Niool  prisms,  and 
shown  to  be  entirely  extingaished  when  the  principal  sections  of  the 
prisms  crossed  each  other.  The  introduction  of  a  phite  of  mica 
between  them  caused,  as  in  the  case  of  the  crossed  tourmalines,  the 
instant  reappearance  of  the  light.  The  opaque  cell  was  then  placed 
in  front  of  the  lamp,  all  visible  rays  being  thus  intercepted.  The 
thermo-pile  was  next  placed  so  as  to  receive  the  beam  after  leaving 
the  second  Nicol  prism.  Causing  one  of  the  crossed  prisms  to  rotate, 
a  path  was  opened  for  the  heat  exactly  as  for  the  light,  the  deflection 
of  the  needle  speedily  bearing  witness  to  the  fact  The  prisms  being 
again  crossed,  the  heat-beam  was  again  quenched ;  but  as  in  the  case 
of  light,  the  introduction  of  a  piece  of  mica  restored  the  heat  and 
caused  a  large  deflection  of  the  galvanometer. 

Faraday's,  great  experiment  was  next  performed.  A  beam  of  light, 
polariied  by  one  Nicol's  prism,  was  made  to  pass  through  a  piece 
of  heavy  glass  placed  between  the  perforated  poles  of  an  electro- 
magnet, and  afterwards  through  another  Niool,  so  placed  that  the 
beam  was  extinguished.  When  the  magnet  was  excited  the  plane  of 
polarization  was  caused  to  rotate  and  a  luminous  image  flashed  in- 
stantly out  upon  the  scene. 

The  effect  of  magnetization  is  greatly  augmented  by  adopting  the 
device  of  MM.  De  la  Provostaye  and  Desains,  of  causing  the  principal 
sections  of  the  Nicol's  prism  to  enclose,  not  a  right  angle,  but  an  angle 
of  45^.  This  was  done,  the  heat  fedling  on  the  pile  being  neutralized 
by  the  method  of  compensation.  On  sending  a  current  round  the 
magnet  a  considerable  deflection  of  the  needle  was  obtained,  the  direc- 
tion of  the  deflection  depending  on  that  of  the  magnetizing  current. 

De  la  Provostaye  and  Desains  thus  obtained  with  luminous  solar 
heat  a  deflection  of  two  or  three  degrees.  With  the  iodine  filter  and 
the  electric  lamp  a  deflection  equivalent  to  150  of  the  lower  degrees 
of  the  galvanometer  was  obtained  from  purely  non -luminous  heat 

[J.  T.] 
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GENERAL  MONTHLY  MEETING, 
Monday,  February  6, 1872. 

Sir  Fbbdibiok  Pollock,  Bart  MA.  Yiee-Precddent,  in  the  Chair. 

Alexander  Brodie,  Esq. 

John  Gleghom,  Esq.  F.B.G.S. 

Edward  John  Gayer,  Esq.  M.R.C.S. 

Arthur  Edward  Griffiths,  Esq. 

William  Grogan,  Esq. 

The  Hon.  Frederick  H.  North. 

Samuel  Wagstaff  Smith,  Esq. 

W.  Soames,  Esq. 

Henry  Virtue  Tebbs,  Esq. 

BUmey  Yeo,  M.D. 

Henry  Yool,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

The  following  Letter  from  the  Emperor  of  Brazil  to  Dr.  Bence 
Jones,  the  Honorary  Secretary,  was  read : — 

In  requesting  you  to  offer  my  heet  thanks  to  the  Members  of  the  Royal 
institution  of  Great  Britain,  for  the  mark  of  distinction  that  tiiey  have  been  good 
enough  to  confer  upon  me,  I  hope  I  may  be  permitted  to  say,  in  justice  to  other 
Brazilians,  that  I  feel  conscious  the  choice  might  have  fallen  on  one  more  worthy 
than  myself  of  the  kindly  feeling  shown  to  me.  The  duties  that  my  position 
impose  upon  mo  hardly  allow  mo  time  to  avail  myself  of  the  advantages  of  science, 
or  properly  to  appreciate  the  merits  of  its  expounders,  but  I  can  assure  you  that 
our  Society  may  rely  upon  the  zeal  which  I  shall  display  in  its  cause,  and  the 
sincerity  with  which  I  shall  ever  subscribe  myself, 

Its  constant  admirer, 
ParU,  (he  \a  January,  1872.  J),  Pedro  d' Alcantara. 

The  special  thanks  of  the  Memhers  were  returned  for  the  fol- 
lowing Donations  to  "  the  Fund  for  the  Promotion  of  Experimental 
Besoarches  " : — 

Professor  Tyndall  (3r(i  Donation)      £30 

Arthur  Giles  Puller,  Esq.  {5th  Donation)        . .      . .       21 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

Antiquaries,  Society  o/— Proceedings,  Vol.  V.  No.  2.    8vo.     1871. 
Asiatic  Society  of  Bengal — Journal.  Nos.  170,  171.    8vo.     1871. 

Proceedings,  1871.    Nos.  9,  10, 11.    8vo.      * 
Astronomical  Society,  Royal— M.on\h\y  Notices,  Vol.  XXXII.  Nos.  1-3.     1871-2. 
Bavarian  Academy  of  Sciences,  Boyal — Abhandlungen ;   Band  X.  Abtheilung  3. 
4to.     1870. 
Sitzungsberichte.     1871 :  Heft  1.    8vo. 

Annalen  der  Kon.  Sternwarte  bei  Miinchen.     Bande  XVII.  XVIII.,  und  Sup- 
plcment-bande  IX.  XI.    8vo.    1869-71. 
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Basel  Naiur/onchende  CrewOfdWx/l—Verhaiidlungen :    Thell  V.     Heft  3.     8vu. 

1871. 
BriUth  ArchiteeU,  Boydl  Irutitvte  o/— Sessional  Papers,  1871-2.    No.  8.    4to. 

Greneral  Conference  of  Architects.    1871.    4to. 
BritiBh  Museum  Tnuteea — Catalogue  of  Hemiptera  Heteroptcra.    Part  4.    8vo. 

1871. 
Chemical  Society— Journal  for  Deo.  1871.    8yo. 

Churdi,  Arthur  H,  E$q,  Jf.B  J.— Catalogue  of  Pottery  in  the  Collection  of  A.  H. 
Chnrch.    16ma    1870. 
Corininm  Mnsenm  Guide.    16mo.    1871. 
Comitato  Oedogieo  cTlCaZui— Bollettini.    1871.    Koe.  11, 12.    8vo.    Firenze. 
Caz,  Edtoard  W.  Etq,  8,L.  MM.I.  (Ma  ^tt<\or>— Spiritualism  answered  by  Science. 

8vo.    1871. 
Davfmn,  /.  W,  LL.D.  F.RS.  (the  iltitiW)— Report  on  the  Geological  Structure 

and  Mineral  Besouroes  of  Prince  Edward  I^and.  (L  15)    8vo.    1871. 
fcfOors— Academy  for  Dec.  1871,  Jan.  1872.    4to. 
American  Journal  of  Science  for  Dec.  1871,  Jan.  1872.    8vo. 
Artisan  for  Dec  1871,  Jan.  1872.    4to. 
Athenspum  for  Dec  1871,  Jan.  1872.    4to. 
Chemical  News  for  Dec.  1871,  Jan.  1872.    4to. 
Engineer  for  Dec  1871,  Jan.  1872. 
Hurological  Journal  for  Dec -1871,  Jan.  1872.    8vo. 
Journal  of  (}as-Li^hting  for  Dec.  1871,  Jan.  1872.    4to. 
Mechanics'  Magaxme  for  Dec.  1871,  Jftn.  1872.    8vo. 
Nature  for  Dec.  1871,  Jan.  1872.    4to. 
Pharmaceutical  Journal  for  Dec.  1871,  Jan.  1872.    8vo. 
Photographic  News  for  Deo.  1871,  Jan.  1872.    4to. 
Frafddin  Indituie—Jounsl,  Nos.  550,  551,  552.    8vo.    1871. 
Oeciogieal  IngtUutgy  Imperial,  Ftanno— -Jahrbuch,  1871.    Nc  3.    8to. 

Veriiandlungen,  1871.    No.  IT.    8yo. 
Geolomeal  ^MsMy— Quarteriy  Jonraal,  No.  109.    8vo.    1871. 
HaughUm,  A.  B.  M.D.  (the  Author)— Ulwb  of  Vital  Force  in  Health  and  Disease. 

16mo.    1869. 
Holland,  Sir  Henry,  Barl,  M,D,  D.C.L.  F.B^.  Pre$.  B,I.  {the  ^«(Aor)— Recollec- 
tions of  Past  Life.    l2mo.    1872. 
IndOmtion  of  CivU  Engineers— Addien  of  T.  Hawkdey,  Esq.  the  President.    8vo. 

1872. 
Lee,  Bobert,  M.D.  F,RS.  (the  i4«/Aor)— Treatise  on  Hysteria,  &c    8va    1871. 
Linnean  Society— Jomna,],  No.  54.    8vo.     1871. 
Piooeeding^  1871-2.    8vo. 

Tirmiiaactkm8,Vol.  XXVII.  Part  4;  Vol.  XXVra.  Parti.    4to.    1871-2. 
IdKtdon  Institution— Journal,  No.  10.    8to.     1872. 
Longmans  A  Co,  Jfattrs.— Public  School  Atlas  of  Modem  Geography.     Edited  by 

the  Ber.  George  Butler.    4ta    1872. 
Manchester  Literary  and  Philosophical  Society — Proceedings.    Vol.  XI.    Nos.  4-8. 

8m    1871-2. 
Meehameal  Engineer^  Institution,  £trmtfij^f»— Proceedings,  1871 :  July,  Part  2. 

8fa 
Nessdigaie,  A,  L.  Esq.  M.A.  If.i?./.— Scales  for  the  Boady  Comparison  of  British 

and  Metric  Weights  and  Measures. 
Odontologieal  Socieh^Traumciiona.    8  yols.    8va    1850-71. 
FremssisAe  Akadsmie  der  TTvttsiMe^/Etfn— Monatslierichtc,  Sept.  Oct.  1871.    8vo. 
J2o|ra/ iSooMy  o/ lojuion—Proceedings,  No.  130.    8?o.     1871. 
Soci^e  Hdttandaise  des  Sciences  —  Natuurkundige  Verliandelingen,  3mo  Serie, 
Tome  1.    Specieller  Theil.    4to.     1871. 
Archives  N^rlandaises,  Tome  VI.  4,  5.    8vo.    1871. 
Slatistieal  SbcMy-^ournal,  Vol.  XXXIV.  Part  4.     8vo.     1872. 
Sysums,  G.  J.  Ekq.  {the  Author) — Symons'  Monthly  Meteorological  Magazine, 
Doe.  1871,  Jan.  1872.    8?o. 
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United  Service  Ituiitution,  Royal— Joarml,  No.  65.    8vo.    1871. 

WatU,  Henry,  Kfq.  F,BJ3,  (Ute  Author) — Dictionary  of  Chemistry — Sapplement 

8vo.    1872. 
Yorkehire  ArchMBologieal  and  Topographical  AuoeJatioh—Jimnml,  Paft  6.    8?o. 

1871. 


WEEKLY  EVENING  MEETING, 

Friday,  February  9, 1872. 

Sib  Hknry  Holland,  Bart.  M.D.  D.O.L.  F.RS.  Praddeni, 

in  the  Chair. 

Pbofxssob  Humfhbt,  FJft.8. 
On  iSZeep. 

The  Professor  first  gave  a  brief  acoonnt  of  some  of  the  changes  that 
take  place  in  the  tissues  when  their  function  is  active,  and  explained 
that  during  this  time  a  slight  deterioration  of  structure  takes  place, 
which,  affecting  the  voluntary  system — the  muscles  and  the  hemi- 
spheres of  the  brain — causes  the  sense  of  tiring,  and  necessitates  a 
period  of  rest  for  the  restoration  of  the  tissue  to  its  former  condition. 
In  the  case  of  the  muscles  this  rest  is  provided  for  by  periods,  quickly 
alternating  periods,  of  action  and  cessation  of  action.  But  in  iSie  case 
of  the  brain,  the  actions  upon  which  consciousness,  volition,  &c.,  de- 
pend cannot  be  thus  frequently  suspended.  Their  continuance  is 
needed  for  the  safety  of  the  body  during  long  periods,  through  the 
whole  day  for  instance ;  and  longer  periods  are  therefore  required  for 
repair.     These  are  the  periods  of  sleep. 

He  next  took  a  cursory  glance  at  the  different  parts  of  the  nervous 
system,  explaining  that  the  upper  regions  of  the  brain  are  those  which 
minister  to  consciousness  and  volition,  the  intellectual  operations,  &c. 
He  showed  that  the  functions  of  these  regions  not  only  can  long  be 
suspended  without  interfering  with  the  .action  of  the  lower  parts  of 
the  brain  which  are  more  immediately  necessary  to  life,  but  that  they 
are  very  easily  suspended,  slight  causes,  such  *as  a  jar  or  a  shock,  or 
an  alteration  in  the  blood  current,  being  sufficient  to  stop  the  action 
of  these  parts,  and  deprive  the  person  of  consciousness.  The  spon- 
taneous stoppage  of  their  action,  consequent  on  the  slight  deterioration 
of  thoir  structure  from  the  continuance  of  their  functions  during  the 
day,  is  the  proximate  cause  of  sleep  during  the  night ;  and  the  periodio 
recurrence  of  sleep  is  in  accordance  with  the  periodicity  observed  in 
several  of  the  nutritive  functions,  and  indeed  witnessed  in  many  of 
the  other  operations  of  nature. 

After  observations  upon  the  condition  of  the  brain  during  sleep, 
the  circimistances  that  conduce  to  sleep,  the  time  that  should  be 
allotted  to  it,  and  other  points,  the  Professor  entered  at  some  length 
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into  the  snbject  of  dieama  These  he  regarded  not,  as  has  been  sup- 
posed by  some,  to  be  a  neoessary  attendant  on,  or  feature  of,  sleep,  but 
rather  to  be  the  result  of  an  abnormal  condition.  In  the  natural  state 
wo  should  pass  firom  wakefulness  to  complete  unconsciousness,  and 
vice  vertdy  quickly,  almost  instantaneously ;  and  many  persons  habitu- 
ally do  so.  But  the  transition  period  is  sometiines  prolonged,  and 
stages  are  observable*  The  first  thing  that  occurs  is  the  lowering  or 
cessation  of  that  control  over  the  mental  processes  which  is  the 
highest  of  our  powers,  the  one  requiring  the  greatest  effort  and  the 
one  most  easily  lost  In  this  condition  the  thoughts  ramble  unchecked, 
chase  one  another  confusedly  over  the  mental  field,  and  give  rise  to  all 
sorts  of  incongruities  of  the  imagination.  At  the  same  time  being 
unrestrained,  tibey  are  excited,  and  evince  efforts  of  memory  and  even 
of  combination  which  in  the  regulated  state  of  wakefiilness  they  are 
quite  incapable  oL  In  this  way  the  images  of  persons  and  places,  of 
events  and  items  of  knowledge  long  forgotten  in  the  ordinary  state,  are 
recalled  with  distinctness ;  and  we  fEmcy  that  new  information  has  been 
acquired,  when  it  is  only  forgotten  fSaicts  that  are  recallecL  He  did 
not  agree  with  the  physiologists  who  conceive  that  dreaming  depends 
upon  an  inequality  in  the. condition  of  different  parts  of  &e  brain, 
some  being  excited  or  wakeful,  while  others  are  quiescent  or  asleep. 
He  rather  took  the  view  that  all  the  parts  of  the  cerebral  hemispheres 
combine  in  each  of  the  efforts  of  control,  consciousness,  memory,  and 
other  mental  acts,  that  all  suffer  alike  from  these  effacts,  alike  need 
the  restoring  changes  which  take  place  in  sleep,  and  together,  port 
jMiMK,  pass  through  the  stages  on  the  way  to  and  from  sle^  in  which 
dreaming,  sleep-walking,  &o.,  occur. 

[G.  M.  H.] 


WEEKLY  EVENING  MEETING, 

Friday,  February  16,  1872. 

Sn  Hknbt  Holland,  Bart.  MJ).  D.C.L.  F.RS.  President, 

in  the  Chair. 

John  Hall  Gladstone,  Esq.  PhJ).  F.RS.  F.C.S.  M.R.I. 

On  the  CryMicdUzatian  of  Silver j  Oold,  and  other  Metals. 

Thxbb  are  few  chemical  experiments  so  well  known  as  the  growth  of 
the  **  lead  tree,"  a  specimen  of  which  is  on  the  table,  together  with  a 
**  nlver  tree  **  that  is  said  to  have  been  made  by  the  late  Professor 
Faraday.  These  carry  our  minds  back  to  the  time  of  the  alchemists, 
who  ciJled  the  first  *'  arbor  Satumi,"  and  the  second  ^  arbor  Dian®  ;'* 
and  they  may  be  looked  upon  as  the  types  of  a  large  number  of 
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phenomefia,  in  which  the  sali  of  one  metal  in  solntion  is  decompoeed 
by  Bome  other  metal.  My  sMiBtant,  Mr.  Tribe,  and  myself  hare  been 
lately  examining  these  replacements,  the  metollie  crystals  which  are 
thos  produced,  and  the  forces  that  act  through  the  liquid. 

Our  more  special  attention  ha^  been  giyen  to  the  mutual  action  of 
copper  and  nitrate  of  silTcr.  If  tiiese  two  substances  be  brought  into 
contact  by  the  interrention  of  water,  there  grow  upon  the  red  metal 
what  may  be  well  called  **  trees,"  and  though  the  analogy  between 
crystals  and  plants  is  a  rery  superficial  one,  yet  the  resemblances  of 
external  form  are  striking  enough,  and  a  nomenclature  drawn  from 
the  garden  seems  the  most  expressive. 

It  is  very  beautiful  to  watch  the  growth  of  these  sQw  crystals 
round  a  piece  of  copper  under  the  miorosoope ;  a  blue  glass  undenieath 
adds  to  &e  efifoct,  and  they  are  best  seen  when  they  reflect  a  strong 
light  thrown  upon  them.  They  may  be  also  thrown  upon  a  screen  as 
opa(iue  objects,  but  the  beauty  and  lustre  of  their  suzfuae  is  in  this 
way  lost. 

The  crystals  of  silver  thus  produced  difier  both  in  colour  and 
form,  according  to  the  strength  of  the  solution.  If  it  be  very  weak — 
say  one  per  cents. — the  copper  is  fringed,  with  black  bushes  of  the 
metal,  which,  in  growing,  change  their  colour  to  white  without  any 
alteration  of  crystalline  form  that  can  be  detected  by  a  powerful 
microscope.  A  stronger  solution  gives  white  ciystals  from  the  com- 
moneement,  which  frequently  assume  the  appearance  of  fern-leaves ; 
while  the  growth  from  a  still  stronger  liquid  reminds  us  rather  of  a 
furze  bush.  If  the  nitrate  of  silver  amount  to  15  per  cent.,  or  there- 
abouts, there  occurs  a  steady  advance  of  brilliantly  whita  moss ;  and 
if  the  solution  be  saturated,  or  nearly  so,  say  40  per  cent,  this  moss 
is  very  sturdy,  often  ending  in  solid  crystalline  knobs,  or  stretching 
out  into  the  liquid  as  an  arborescent  fringe. 

In  all  these  eases,  however,  when  the  solution  in  front  of  the 
growing  crystals  has  been  somewhat  exhausted,  certain  prominent  or 
well-circumstouced  crystals  seem  to  monopolize  the  power,  and  to 
push  forward  through  the  remaining  portions  of  the  liquid.  This 
gives  rise  to  beautiful  branches  which  assume  a  variety  of  graceful 
forms,  which  it  is  hopeless  to  attempt  to  pourtray  by  diagrams,  but  of 
which  the  subjoined  figures  give  some  of  the  more  characteristic 
outlines  greatly  magnified.  The  weak  solutions  produce  feathery 
crystals  scmewhat  as  in  Fig.'  1,  consisting  of  a  straight  central  stem 
from  which  grow  on  either  side  crystalline  rays  that  terminate  in  a  sharp 
point,  and  frequently  become  themselves  the  centre  stems  of  a  similar 
crystalline  structure.  In  the  outlying  growth  of  a  moderately  strong 
solution  the  apparent  regularity  of  the  crystalline  form  is  lost ;  the  main 
stem  is  built  up  of  a  confused  mass  of  hexagonal  plates,  while  the  side 
branches  are  an  agglomeration  of  minute  iH>intcd  crystals  turning  in 
every  direction,  and  producing  such  jaggtxi  outlines  as  are  drawn  in 
Fig.  2.  In  stronger  SiJutions  still  the  branches  lose  every  appearance 
of  straightness,  and  thoy  are  built  up  of  hexagonal  plates  so  studded 
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growth  of  btaok  gold,  which  speedily  cbangefl  to  an  adTaiicing  mus 
of.  yellow,  or  perhaps  lilftc  metal  in  lichen-lika  fomu,  from  which 
proceed  be*nttfal  fringes  of  yellow  or  black,  ending  generally  in  anch 
arbcH«soeDt  forma  aa  are  represented  in  Fig.  7.     As  theiee  brauchce 


pnsh  into  the  yellow  liquid,  it  becomes  colonrleea  even  in  adTosoo  of 
their  points,  and  it  frequently  happens  that  yellow  crystals  of  some  ' 
Bait  shoot  out  in  front  of  the  cryatallizing  motol,  which  follows  thom 
and  bnilds  up  its  advancing  fronds  at  their  oxpenso.  This  is  shown 
in  the  figure.  The  gold  will  generally  shoot  its  yellow  branches 
rapidly  round  the  margin  of  the  drop.  Such  a  running  branch  has  - 
been  seen  to  stop  on  touching  at  OQO  point  a  loose  piece  of  gold,  which 
immediately  in  its  turn  beoaine  active,  and  commenced  to  sprout  on 
its  farther  side. 

Copper  salts  give  round  nodules,  which  have  no  crystalline  ap- 
pearance when  deposited  iirom  moderately  weak  solutions,  but  a  very 
strong  solution  of  the  chloride — about  40  per  cent. — yields  with  zinc 
first  a  black  thick  growth,  then  arborescent  fringes  of  red  metal, 
terminating  in  crystals  of  very  appreciable  size. 

The  fringes  referred  to  in  the  case  of  these  three  metals  ore  still 
more  characteristically  developed  by  bismuth.  When  a  solution  of 
terchloride  of  bismuth  acts  on  zinc  there  is  an  immediate  outgrowth 
of  black  fringes,  such  as  Fig.  8,  where  they  are  seen  on  an  illumi- 
nated field.  Those  as  they  advance  become  more  and  more  arbo- 
rescent, and  as  the  crystalline  character  develops  itself  more  they 
change  from  black  to  grey.     Sometimes  bismuth  presents  itself  in 
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way,  as,  for  inBtance,  the  silver  which  occurs  Bometimes  in  tnfiks, 
sometimes  in  large  crystals,  on  the  native  copper  of  the  Lake  Superior 
district.  Grold  is  frequently  fonnd  in  cubes  more  or  less  rolled,  but 
the  leaf  gold  from  Transylvania  bears  a  striking  likeness  to  the 
crystals  that  form  in  our  laboratory  experiments.  Silver  is  often 
found  native  as  twisted  hairs  or  wires  of  metal— a  form  that  never 
occurs  in  the  decomposition  of  its  nitrate  by  copper,  but  which  can  be 
artificially  produced  in  another  way. 

There  has  been  noticed  a  singular  tendency  in  old  silver  orna- 
ments and  coins  to  become  crystalline  and  friable.  Here  is  an  ancient 
fibula  from  the  island  of  Cyprus,  supposed  to  be  at  least  1500  years 
old,  which,  through  the  greater  portion  of  its  substance,  presents  a 
fracture  something  like  that  of  cast  iron,  and  its  specific  gravity  has 
been  reduced  in  round  numbers  from  10  to  9.  It  contains  a  little 
copper.  This  property  of  certain  metals,  or  their  alloys,  to  change  in 
condition  and  in  volume,  is  worthy  the  attention  of  those  whose  duty 
it  is  to  make  our  standards.  Experiments  should  be  instituted  for 
the  purpose  of  learning  what  motels  or  combinations  of  metals  are 
least  subject  to  this  secular  change. 

These  metallic  crystals  are  Nature's  first  attempt  at  building. 
The  material  is  the  simplest  possible — in  fact,  what  chemists  look 
upon  as  elementary.  But  how  is  the  building  carried  on  ?  What  are 
the  tools  employed  ?  Where  are  the  bearers  of  burdens  that  bring 
the  prepared  pieces  and  lay  them  together  according  to  the  plan  of  the 
Great  Architect  ?  We  must  try  to  imagine  what  is  taking  place  in 
the  transparent  solution.  The  silver,  of  course,  existed  at  first  in 
combination  with  the  nitric  element,  and  for  every  particle  of  silver 
deposited  on  the  growing  tree»  an  equivalent  particle  of  copper  is 
dissolved  from  the  surface  of  the  plate.  The  nitric  element  never 
ceases  to  be  in  combination  with  a  metal,  but  is  transferred  from  the 
oce  metal  to  the  other.  On  the  "  Polarization  Theory,"  the  positive 
and  negative  elements  of  the  salt  constantly  change  places  and  enter 
into  fresh  combinations,  one  consequence  of  which  would  be  a  gradual 
passage  of  the  nitric  element  from  the  growing  silver  to  the  copper 
plate,  lliis  actually  takes  place,  and  there  is  a  diminution  of  the  salt 
at  the  ends  of  the  silvor  branches,  giving  rise  to  an  upward  current, 
and  a  condensation  of  nitrate  of  copper  against  the  copper  plate,  which 
gives  rise  to  a  strong  downward  current.  These  two  currents  are 
seen  in  every  reaction  of  this  nature.  In  the  case  of  silver  and 
copper,  however,  it  has  been  proved  that  the  crowding  of  the  salt 
towards  the  copper  plate  is  more  rapid  than  would  follow  from  the 
usual  polarization  theory.  The  instrument  employed  for  determining 
this  point  was  a  divided  cell  in  wl\ich  two  plates,  one  of  silver  and 
the  other  of  copper,  connected  together  by  a  wire,  #re  immersed  each 
in  a  solution  of  its  own  nitrate,  contained  in  each  division  of  the  cell, 
and  separated  from  one  another  merely  by  parchment  paper.  The 
crystals  of  silver  deposited  on  the  silver  plate  in  this  experiment  are 
very  brilliant. 
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There  are  other  indications  of  the  liquid  being  put  into  a  special 
eonditian  bj  the  presence  of  the  two  metals  which  touch  one  another. 
Thns  xino  al<me  is  incapable  of  decomposing  pore  water ;  but  if  copper 
or  platinnm  be  deposited  on  the  zinc  in  such  a  manner  that  the  water 
can  haye  free  access  to  the  junction  of  the  two  metals,  a  decomposition 
is  effected ;  oxide  of  zinc  is  formed,  and  hydrogen  gas  is  evolyed.  At 
the  ordinary  temperature  the  bubbles  of  gas  rise  slowly  through  the 
liquid,  but  if  the  whole  be  placed  in  a  flask  and  heated,  pure  hydrogen 
is  giyen  off  in  large  quantity.  We  have  also  found  that  iron  or  lead 
similarly  brought  into  intimate  union  with  a  more  electro-n^tiYe 
metal,  and  well  washed,  will  decompose  pure  water. 

As  might  be  expected,  the  action  of  magnesium  on  water  may  be 
greatly  enhanced  by  this  method;  and  a  pretty  and  instructiye 
experiment  may  be  made  by  placing  a  coil  of  magnesium  in  pure 
water  at  the  ordinary  temperature,  when  there  will  be  scarcely  any 
effiact  yisible,  and  then  adding  a  solution  of  sulphate  of  copper.  The 
magnesium  is  instantly  covered  with  a  growth  of  the  other  metal,  and 
at  tiie  same  time  the  liquid  seems  to  boil  with  the  rapid  evolution  of 
hydrogen  bubbles  from  the  decomposed  water. 

When,  however,  the  force  of  the  two  metals  in  contact  has  to 
traverse  a  layer  of  water,  the  resistance  ofibred  by  the  fluid  prevents 
its  decomposition.  This  must  also  be  an  important  element  in  the 
decomposition  of  a  metallic  salt  dissolved  in  water,  and  in  fcu^t  we 
have  found  that  the  addition  of  some  neutral  salt,  such  as  nitrate  of 
potassium,  increases  the  action — apparently  by  diminishing  the  resist- 
ance of  the  liquid.  If,  too,  we  increase  tiie  quantity  of  the  dissolved 
metallic  salt,  we  get  more  than  a  proportional  increase  of  deposited 
metal.  Thus,  in  an  experiment  made  with  the  different  strengths  of 
nitrate  of  silver  on  the  table,  the  following  tesults  were  obtained  in 
ten  minutes,  all  the  circumstances  being  the  same  except  the  strength 
of  the  solution : — 

1  per  cent  solution  dissolved  '025  grm.  copper. 
4        „  ..  ,.         -224 
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In  &ct  it  has  been  found  that  in  solutions  not  exceeding  5  per  cent., 
twice  the  amount  of  nitrate  of  silver  dissolved  in  water  gives  three 
times  the  amount  of  chemical  action ;  and  this  is  true  with  other 
metals  also  in  weak  solution.  It  may  be  that  this  is  not  the  precise 
expression  of  a  physical  law,  but  it  agrees  at  least  very  closely  with 
the  results  of  experiment 

The  power  arising  from  this  ^action  of  two  metals  on  a  binary 
liquid  may  be  carried  to  a  distance  and  produce  similar  decomposi- 
tions there.  This  is  ordinary  electrolysis.  Metals  have  often  been 
crystallijBed  from  their  solutions  in  this  way,  and  Mr.  Braham  has 
made  excellent  preparations  of  crystalline  silver,  gold,  copper,  tin, 
platinum,  Ac.,  by  using  polos  of  the  same  metal  as  that  inteoided  to 

»  a  H  2 
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be  deposited  upon  them«  The  forms  thus  obtained  are  precisely 
analogous  to  those  prodaoed  by  the  simple  immersion  of  one  metal 
into  the  soluble  salt  of  another,  and  illustrate  still  farther  the  essen- 
nnity  of  the  force  that  originates  the  two  classes  of  phenomena. 

[J.  H.  G.] 


WEEKLY  EVENING  MEETING, 
Friday,  February  23,  1872. 

Sib  Hbnbt  Holland,  Bart  M.D.  D.C.L.  F.R.8.  President, 

in  the  Chair. 

Hbnbt  Lbslib,  Esq. 
On  the  Social  Influence  of  Munc. 

In  these  days  of  railways  and  telegraphs,  and  of  that  general  high 
pressure  to  which  they  have  brought  us,  it  is  necessary  to  utilize  every 
calming  and  soothing  influence,  and  to  find  rational  mental  employ- 
ment for  the  people  as  recreation  after  their  hours  of  work.  Such  a 
course  cannot  fSul  to  be  productive  of  increased  strength  to  the  ties 
of  social  and  family  life,  and  consequently  of  powerful  good  to  the 
national  life. 

Numerous  examples  taken  from  the  various  strata  of  society  which 
form  the  national  life  of  the  kingdom  are  cited  to  show  how  groat  the 
social  influence  of  music  is  at  the  present  time,  both  as  a  means  of 
education  and  recreation,  and  how  refining  and  elevating  are  its 
results. 

The  Sacred  Harmonic  Society,  which  has  just  entered  the  fortieth 
year  of  its  existence,  has,  by  its  noble  efforts  in  the  cause  of  musical 
art,  gained  a  most  distinguished  position.  It  is  an  institution  of 
which  this  country  has  reason  to  be  proud,  for  its  reputation  extends 
throughout  the  whole  civilized  world.  It  has  some  thousands  of 
pounds  invostod  in  Government  securities ;  it  possesses  a  fine  library, 
and  there  is,  in  immediate  connection  with  it,  a  Benevolent  Fund,  out 
of  which  help  is  given  to  cases  of  distress.  But  its  claims  to  our 
admiration  are  not  yet  exhausted,  for  to  the  Sacred  Harmonic  Society 
do  we  owe  the  establishment  of  the  Handel  Festivals,  which  have  had 
a  great  educating  influence  upon  the  whole  kingdom  from  so  many 
choirs  and  choral  societies  taHng  part  in  them,  and  having  thus  had 
their  standard  of  performance  considerably  raised.  The  Sacred  Har- 
monic Society  distributes  annually  many  hundreds  of  pounds  in  the 
engagement  of  artistes,  thus  doing  good  service  to  those  who,  pos- 
sessed of  natural  talent  and  genius,  have  had  sufficient  perseverance 
to  qualify  themselves  for  the  higher  positions  in  the  world  of  art. 

After  the  example  of  a  town  society,  the  proceedings  of  an 
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Amateur  Society  in  the  eonntry  shall  be  consideTed.  The  Hereford<* 
shire  Philharmonic  Society,  established  in  1863,  consists  of  performing 
and  non-performing  members.  There  is  an  orchestra  of  about  forty, 
eight  or  nine  of  whom  are  professional  assistants,  and  a  choms  of  120. 
Two^concerts  are  annually  given,  and  for  each  of  these  there  are  five 
rehearsals.  Performing  members  are  not  allowed  to  take  part  in  the 
performance  unless  they  have  attended  at  least  three  of  these 
rehearsals,  and  when  it  is  known  that  the  distances  to  be  trayelled 
form  a  circle  of  which  the  diameter  exceeds  100  miles,  it  will  be 
understood  that  some  zeal  is  displayed,  and  that  some  social  good 
has  been  derived  from  the  institution  of  the  Society,  otherwise  the 
attendance  of  members  would  flag.  The  fact  that  a  long  list  of  names 
awaits  election  as  vacancies  occur  is  the  best  proof  of  the  diligence 
of  the  members. 

That  the  standard  of  the  society  is  not  a  low  one  will  be  apparent 
from  the  progranmies,  each  of  whidi  contains  a  symphony,  a  selection 
from  an  oratorio,  or  cantata,  madrigals,  part-songs,  choruses,  overtures, 
&C.  All  the  solos  and  concerted  pieces  are  sung  by  members,  and 
there  are  four  ladies  who  have  respectively  played,  with  orchestral 
accompaniments,  Beethoven's  Choral  Fantasia,  Mendelssohn's  Andante 
and  Rondo,  Weber's  Conrt-stiick  and  Beethoven's  Concerto  in  C  minor ; 
and  at  the  next  concert  a  gentleman  is  to  play  the  first  and  second 
movements  of  Mendelssohn's  Violin  Concerto.  The  practical  experience 
gained  by  the  members  in  the  preparation  of  classical  works  of  this 
standard  for  pubHc  performance  has  enormously  developed  the  musical 
capabilities  of  the  district.  Another  important  consideration  is,  that 
work  such  as  the  members  do  renders  them  &r  better  qualified  ta 
enjoy  and  appreciate  a  purely  professional  performance  when  they 
have  the  opportunity  of  hearing  one.  Thus  does  the  Herefordshire 
Philharmonic  Society  promote  an  extremely  beneficial  influence  upon 
art,  while  the  means  of  achievement  are  pleasantly  social. 

No  doubt  many  who  are  present  have  heard  of  Welsh  Eisteddfods, 
which  are  national  gatherings  in  honour  of  the  fine  arts.  The  pro- 
ceedings ordinarily  consist  of  competitions  by  poets,  solo  singers, 
harpists,  pianists,  volunteer  and  other  bands,  and  choral  societies, 
but  occasionally  an  oratorio  or  cantata  is  performed.  Painting  and 
sculpture  are  but  seldom  represented,  but  orators  are  highly  appre- 
ciated. 

Although '  things  are  done  which,  from  their  qnaintness,  are 
almost  ludicrous,  and  the  mistaken  zeal  of  ardent  supporters  of  the 
nationality  causes  the  offering  of  prizes  for  subjects  which  raise  a 
smile,  still  there  is  such  unmistakable  appreciation  of  all  that  is  good, 
and  such  hearty  enjoyment  of  it  amongst  the  thousands  who  come 
from  great  distances  to  attend  these  Eisteddfods,  that  at  once  the 
thought  comes  uppermost,  '*  What  might  not  such  a  people  do  in  art  ?" 
The  soil  exists,  and  all  that  is  required  is  good  cultivation. 

If  the  Welsh  only  knew  the  musical  strength  they  possess  they 
would  not  fritter  it  away  at  these  Eisteddfods  as  they  do  at  present. 
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A  strong  permanent  eouneil  and  staff  are  wanted  to  snperaede  local 
jealousies,  so  that  the  whole  national  strength  should  be  pnt  forth. 
Jnst  on  the  same  principle  that  obtains  when  the  Royal  A^cnltnral 
Society  of  England  visits  any  town  for  its  annoal  meeting,  so  should  the 
ooandl  take  absolute  command  of  the  proceedings  in  order  to  carry  out 
the  Eisteddfod  from  a  national  point  of  view.  If  such  a  system  as  this 
could  be  adopted,  the  musical  portion  would,  in  a  very  few  years, 
become  quite  as  interesting,  from  an  art  point  of  view,  as  any  of  the 
smaller  festivals  of  England.  And  this  might  easily  be  done  without 
superseding  aught  that  is  deemed  essential  to  an  Eisteddfod  by  the 
Welsh, 

The  Chief  Oonstable  of  Chester,  in  his  Beport  for  the  year  ending 
Sept  29,  1870,  thus  speaks  cf  the  Saturday  Evening  Concerts:—*'  I 
may  perhaps  be  allowed  to  repeat  here,  what  I  stated  three  years  ago, 
namdy,  that  with  the  opening  of  the  Saturday  Evening  Entertain- 
ments a  considerable  decrease  in  the  amount  of  drunkenness  takes 
place.  The  temporary  improvement  is,  I  feel  sure,  due  to  no  merely 
accidental  coincidence,  but  rather  directly  owing  to  the  fact,  that 
large  numbers  of  young  men  spend  their  Saturday  evenings  at  the 
Music  Hall,  who  otherwise  would  probably  be  found  at  the  public- 
house.  *' 

The  same  result  attended  the  establishment  of  Saturday  Evening 
Concerts  in  Glasgow  by  a  temperance  association,  called  **  The 
Glasgow  Abstainers  Union."  The  magistrates  recognize  these  con- 
certs as  a  most  valuable  auxiliary  in  keeping  the  streets  quiet  on  a 
Saturday  night,  in  the  prevention  of  drunkenness  and  brawls,  and  in 
the  improvement  of  that  healthy  moral  tone  which  is  the  great  desi- 
deratum of  all  who  are  in  authority.  Glasgow  presents  the  most 
forcible  example  that  can  possibly  be  given  of  the  social  influence  of 
music,  for,  previous  to  the  establishment  of  the  concerts,  pulpit,  plat- 
form, and  press  had  vainly  endeavoured  to  stem  the  tide  of  the  drink- 
ing habits  of  the  people,  which  were  associated  with  all  their  ordinary 
amusements  and  enjoyments.  Space  does  not  allow  the  details,  which 
are  most  interesting,  of  this  most  successful  experiment. 

In  that  wonderful  colony,  Saltairo,  music  is  used  as  a  recreation  for 
the  mill-workers.  In  the  Penrhyn  slate  quarries,  where  I  once  heard 
the  choruses  of  <*  The  Messiah  *'  sung  by  the  worlnnen  and  their  wives 
and  children,  music  exercises  its  refining  influence.  In  Florence  the 
same  movement  has  been  started,  and  is  working  with  excellent 
results :  in  fact,  the  difficulty  lies,  not  in  securing  examples  of  the 
good  effects  of  music,  but  in  the  enormous  number  which  present 
themselves  for  illustration. 

While  these  efforts  have  been  made  by  the  people  themselves,  the 
higher  interests  of  art  have  been  fostered  by  such  institutions  as 
the  Festivals  of  Birmingham,  Norwich,  Hereford,  Gloucester,  Wor- 
cester, Bradford,  and  Leeds,  the  Philharmonic  Society,  the  Italian 
Operas,  the  Sacred  Harmonic  Society,  the  Crystal  Palace  Concerts,  the 
Handel  Festivals,  the  National  Choral  Society,  the  New  Philharmonic 
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Sodetj,  the  Mtudcal  Union,  the  Oratorio  Concerts,  the  Monday  Popular 
Concerts,  Mr.  Henry  Holmes's  Musical  Evenings,  Mr.  Halle's  Concerts 
in  Manchester  and  other  northern  cities,  the  Liverpool  Philharmonic 
Society,  and  numberless  choral  and  other  societies  of  more  or  less  fieane. 
The  mere  fact  that  such  associations  exist  speaks  volumes  for  the 
heartiness  of  the  people  in  their  appreciation  of  music,  and  the  great 
influence  that  art  is  exercising  in  almost  every  direction  throughout 
the  United  Kingdom. 

Municipal  corporations  and  school  boards  should  take  advantage 
of  such  an  influence,  when,  by  the  examples  already  quoted,  it  is  proved 
how  much  may  be  done  in  the  malang  of  better  citizens  by  the 
employment  of  such  an  innocent  means  of  amusement  as  the  cultivation 
of  music  presents. 

With  facts  such  as  have  been  brought  forward  it  can  hardly  be  said 
that  England  is  not  a  musical  nation ;  but  when  it  is  said  that  English 
taste  requires  elevating,  one  feels  that  such  an  assertion  is  unfortu- 
nately only  too  true.  This  being  the  case,  to  whose  fault  must  be  laid 
the  diarge  that  English  taste  is  not  what  it  should  be,  considering  the 
natural  genius  of  fiie  nation?  Undoubtedly  our  G<>vemment  is  in 
firalt,  for  it  does  next  to  nothing  for  an  art  which  has  the  power  of 
refining  the  people  by  its  refining  influence.  What  help  Government 
does  afford  mH  presently  appear. 

In  the  grants  made  by  Parliament  for  the  year  ending  March  31st, 
1872,  the  total  amount  voted  was  233,1792.  The  following  are 
items  in  the  account : 

£ 

Schools  of  Science  and  Art 87,830 

School  of  Mines  and  Geological  Museum     . .      . .     10,403 

Coll^ge  of  Chemistry       6S0 

Royal  CoUege  of  Science  (Dublin)       6,913 

Edinburgh  Museum        8,824 

In  face  of  the  above  figures,  it  may  well  be  asked  why  Music  does 
not  receive  a  like  support  ?  And  why  a  system  which  works  so  well 
in  other  arts  could  not,  with  equally  good  results,  be  applied  to 
music?  Can  it  be  that  all  our  politicians  aro  men  who  ^have  no 
music  in  their  souls,"  and  do  not  class  Music  amongst  the  Fine  Arts  ? 
It  is  more  than  probable,  considering  the  persistent  neglect  with 
which  it  is  treated  by  them,  that  their  only  knowledge  of  it  is  as  an 
aooeesory  of  pageants,  an  illustrator  of  toasts,  or  an  accompaniment 
to  dancing  I 

The  principal  demand  of  musicians  is,  that  in  the  metropolis  a 
National  Institution  should  be  established,  which  should  bo  the  heart 
of  musical  England ;  which  should  enable  all  who  desire  to  follow 
music  as  a  profession,  to  obtain  a  thorough  theoretical  and  practical 
education ;  and  which  should  have,  as  its  governing  boily,  such  an 
array  of  our  best  men,  that  a  musical  degree  conferred  by  it  would  be 
the  greatest  honour  a  musician  could  obtain. 

With  such  a  Central  Institution,  purely  elementary  musical  cdu- 
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cation  might  be  left  to  the  local  school  boards,  and  to  such  academies 
as  might  be  formed  bj  mmiicipal  authorities  or  by  individnab. 

Left  to  themselves  and  their  own  resonroes,  the  people  of  Great 
Britain  are  endeavonring  to  solve  the  problem  of  mnsicfd  education, 
for,  fully  appreciating  the  benefits  to  be  derived  therefetmi,  musical 
education  they  are  determined  to  have. 

Mr.  Hullah  and  Mr.  Curwen  have  done  great  service  to  the  cause 
by  their  steady  endeavours  to  improve  the  present  state  of  affiiirs,  and 
have  obtained  satisfactory  results.  But  official  help  is  required,  that 
the  various  isolated  efforts  which  are  being  made  should  be  concen- 
trated into  one  great  endeavour  to  improve  the  existing  state  of  affiurs. 
Our  church  services  ought  to  be  ftff  better  than  they  are,  and  the 
authorities  of  our  cathe^brals  must  be  made  sensible  that  apathy  will 
never  organize  even  decent  performances.  If  music  is  to  form  an 
adjunct  to  the  services,  it  ought  to  be  the  best  of  its  kind. 

Some  persons  imagine  that  music  has  an  enervating  influence,  but 
where  are  the  proofs  ?  Do  our  schoolboys  deteriorate  because  they 
have  a  knowledge  of  crotchets  and  quavers  ?  are  they  less  manly  ? 
or  are  they  less  gentlemen?  And  do  their  masters  complain  that 
music  destroys  their  capacity  for  school  work  ?  An  emphatic  nega- 
tion to  such  insinuations  is  given  by  experience ;  for  the  boys  are,  by 
a  knowledge  of  music,  brought  more  under  the  beneficial  effects  of 
female  society  and  home  influence,  while  the  masters  are  anxious  for  . 
still  further  musical  development  in  their  schools. 

For  more  than  half  a  century  Germany  has  had  elementary 
musical  education  in  the  national  schools,  while  conservatories,  more 
or  less  connected  with  the  Government,  have  attended  to  the  higher 
musical  education  of  its  people,  and  Germany  is  justly  entitled  to  be 
considered  the  most  musical  nation  in  the  world ;  but  no  one  will 
venture  the  proposition  that,  in  the  late  lamentable  war,  enervation 
was  one  of  the  national  failings.  On  the  contrary,  intense  vigour  was 
the  chief  characteristic  of  the  German  tactics,  and  Song  had  much  to 
do  in  knitting  together  their  national  bonds,  for  the  poet  and  the 
musician  who  were  the  authors  of  the  "  Wacht  am  Rhein  "  rendered 
enormous  service  to  their  country  by  the  enthusiasm  roused  whenever 
that  poetic  embodiment  of  national  ideas  was  sung  by  the  German 
troops. 

We  ourselves,  the  inhabitants  of  these  happy  isles,  have  also 
lately  found  that  Song  could  do  something  for  us,  as  the  frequent 
performance  of  "  God  Save  the  Queen,"  and  "  God  Bless  the  Prince  of 
Wales,"  on  every  possible  opportunity,  has  amply  testified. 

And  now,  a  Central  Institution  being  required,  how  is  it  to  be 
formed  ?  Without  the  slightest  trouble.  For  one  exists  with  com- 
plete organization,  ready  at  a  moment's  notice  to  be  utilized — and 
that  institution  is  the  Eoyal  Academy  of  Music.  Established  in  1822, 
it  has  done  much  to  elevate  the  standard  of  music  in  this  country. 
It  continued  in  flourishing  circumstances  until  1847,  when  it  possessed 
10,000Z.  in  Gk>vernment  securities.     From  this  prosperous  conditicm 
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in  the  Chair. 

C.  William  SnifEirB,  D.OJL  F.RS.  M.BI. 
On  Measuring  Temperaiures  by  Electricity. 

The  truth  revealed  to  ns  by  one  of  the  younger  branches  of  physical 
science,  which  has  been  cultivated  and  expounded  nowhere  more 
effectually  than  within  these  walls,  has  divested  heat  and  electricity 
of  their  mysterious  character,  and  has  taught  us  to  regard  them  simply 
as  "  modes  of  motion." 

Light  also  has  been  shown  to  be  identical  in  its  nature  with  heat,  and 
the  only  remaining  physical  agency,  **  chemical  afiBmty,"lia6  been  recog- 
nized as  a  force  differing  only  in  **  quality  of  action"  from  the  others. 
According  to  these  views,  force,  in  whichever  type  of  action  it  presents 
itself,  is  as  indestructible  as  matter  itsdf^  and  is  therefore  capable  of 
being  stored  up  and  measured  with  the  same  certainty  of  result.  We 
have  a  unit  of  force  or  the  foot  lb.,  and  a  unit  of  heat,  or  the  heat 
necessary  to  raise  the  temperature  of  1  lb.  of  water  through  one  degree 
Fahr.,  and  it  has  been  already  proved  that  772  units  of  force  are  the 
equivalent  value  of  one  unit  of  heat.  Again,  the  chemical  force  residing 
in  1  lb.  of  pure  coal  is  equal  to  about  14,000  heat  units,  or  14,000  x 
772  =  10,808,000  ft.  lbs.  =  4825  tons  lifted  one  foot  high. 

Questions  regarding  the  quantitative  effects  of  heat  present  them- 
selves, however,  much  less  frequently  for  our  consideration  than 
questions  regarding  its  intensity ,  upon  which  depends  the  nature  of  the 
phenomena  surrounding  us  at  every  step,  both  in  science  and  in 
ordinary  life.  The  instrument  at  our  command  for  determining 
moderate  intensities  or  temperatures,  the  mercury  thermometer,  leaves 
little  to  be  desired  for  ordinary  use ;  but  when  we  ascend  in  the  scale 
of  intensity,  we  soon  approach  a  point  when  mercury  boils,  and  from 
that  point  upward  we  are  left  without  a  reliable  guide.  The  result 
is,  that  we  find  in  scientific  books  on  chemical  processes,  statements  to 
the  effect  that  such  or  such  reaction  takes  place  at  a  dtdl  red  heat, 
such  another  at  a  bright  red,  a  cherry  red,  a  blood  red,  or  a  uhite  heat — 
expressions  which  remind  one  rather  of  the  days  of  alchemy  than  of 
chemical  science  of  the  present  day. 

There  are  pyrometers,  it  is  true,  but  those  are  either  of  a  complex 
nature,  or  little  reliance  can  bo  placed  ou  them. 

It  is  my  purpose  this  evening  to  place  before  you  an  instrument 
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bj  which  I  hopo  to  fill  np  to  some  extent  the  existing  gap.  It  is  the 
result  of  occasional  experimental  research,  spread  oVer  several  years, 
and  it  aims  at  the  accomplishment  of  a  doable  purpose,  that  of 
measuring  high  temperatures,  and  of  measuring  with  accuracy  the 
temperatures  of  ifiaccesgible  or  distant  places. 

But  before  entering  upon  the  details  of  my  subject,  I  propose  to 
place  before  you  an  instrument  which  fulfils,  in  principle,  all  the 
conditions  essentially  necessary  in  thermometry,  and  is  at  the  same 
time  the  very  first  instrument  that  was  ever  proposed  for  measuring 
temperatures.  I  speak  of  the  air  thermometer  by  Galileo  I  It  can  be 
shown  on  theoretical  grounds,  that  the  expansion  of  a  permanent  gas 
at  constant  pressure  is  the  most  perfect  index  of  temperature.  It  is 
in  fiict,  the  degree  of  energy  of  the  atomical  motion  in  an  elastic  fluid 
which  determines  its  volume,  and  which  constitutes  at  the  same  time 
its  temperature. 

The  air  thermometer  consists  simply  of  a  bulb  of  glass  with  a  long 
tu}>ular  stem,  open  to  the  atmosphere  at  its  extremity.  If  I  heat  the 
bulb  (by  dipping  it  for  instance  into 
boiling  water^  and  put  it  into  a  holder, 
with  the  hollow  stem  reaching  down- 
ward into  a  cup  of  mercury,  the  air 
within  the  bulb  will  no  longer  com- 
municate directly  with  the  atmosphere, 
because  the  mercury  is  interposed.  If 
now  I  cool  the  air  within  the  bulb,  by 
the  external  application  of  iced  water 
its  heat  motion  will  diminish,  and  its 
volume  would  be  reduced  proportion- 
ally, if  the  external  atmosphere  could 
enter  freely  to  fill  up  the  vacancy  thus 
created.  But  inasmuch  as  the  external 
air  cannot  enter,  a  reduction  of  pressure 
will  take  place,  which,  according  to  the 
law  of  elasticity  by  Boyle,  must  be  pro- 
portionate to  the  x^uction  of  volume  at 
constant  pressure.  The  difference  of 
pressure  Uius  created  between  the  bulb 
and  the  external  atmosphere  will  bo 
balanced  by  the  column  of  mercury 
rising  up  into  the  tube,  and  the  eleva- 
tion to  which  the  mercury  attains  is  a  true  index  of  the  temperature 
to  which  the  air  in  the  bulb  had  been  previously  heated.  This  is  true 
with  regard  to  all  temperatures,  from  the  lowest  to  the  highest,  and 
the  instrument  may  be  termed  a  universal  thermometer.  If  the  bulb 
could  be  cooled  down  to  273^  Centigrade  below  the  zero  point,  it 
would  foUow  by  the  law  of  Charles  that  the  elastic  pressure  of  air 
would  be  reduced  to  nothing,  that  is  to  say,  the  motion  of  the  par' 
ticles  of  air,  which  we  call  heat,  would  have  ceased,  and  we  should 
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haye  reached  the  point  of  absolnte  zero,  a  point  which  has  heen  theo- 
retically oetablishod  also  by  other  means. 

Practically,  such  an  instrument  wonld  be  most  inconvenient ;  its 
indications  would  have  to  bo  corrected  by  calculation  for  barometrical 
variations ;  the  capacity  of  the  descending  tube,  which  contains  air  not 
subjected  to  variation  of  temperature,  would  have  to  be  taken  into 
account,  and  no  reliable  observations  could  be  arrived  at,  without 
taking  special  precautions,  such  as  are  only  within  reach  of  the  experi- 
mented physicist. 

[The  other  known  methods  of  measuring  ordinary  and  furnace 
temperatures  were  hero  passed  in  review,  and  the  limits  of  their 
application  pointed  out.     They  were  classified  into : 

Thermometers,  by  expansion  of  liquids. 

Thermometers,  by  the  expansion  of  solids. 

Pyrometers,  by  chemical  decomposition  of  solids,  comprising 
Wedgwood's  and  Deville's  pyrometers. 

Pyrometers,  by  observing  the  melting-point  of  metals. 

Pyrometers,  by  thermo-dectricity. 

Pyrometers,  by  exposing  a  copper  or  platinum  ball  of  known 
heat  capacity  to  the  heat  to  be  ascertained,  and  of  quenching 
it  in  a  measured  quantity  of  water.] 
The  instrument  which  forms  the  subject  matter  of  my  discourse 
presents  many  points  of  analogy  with  the  air  thermometer,  if  we 
substitute  "  dedrical  resistance  in  conductors  *'  for  "  esBpannon  of  gases**  I 
Both  these  effects  are  fanctions  of  temperature,  increasing  with  the 
temperature  according  to  progressive  laws,  which  in  the  case  of 
the  gases  we  call  the  law  of  Charles,  and  in  the  case  of  con- 
ductors, the  law  of  " increase  of  electrical  resistance  with  temperature** 
The  latter  law,  which  is  of  recent  origin,  had  already  been  par- 
tially developed  by  Amdsen,  Swanberg,  Lenz,  and  Werner  Siemens, 
when  my  attention  was  directed,  in  1860,  towards  an  application  of 
the  same  to  the  measurement  of  temperatures  at  places  inacces- 
sible to  the  ordinary  thermometer.  By  means  of  the  contrivance  which 
I  shall  describe  presently,  I  was  enabled  to  tell,  in  the  testing  cabin  of  a 
cable  ship,  the  increasing  temperature  of  the  interior  of  the  mass  cable 
in  the  hold,  and  to  prove  the  necessity  of  transhipment  of  the  same 
into  a  vessel  fitted  with  water-tight  tai]^  which  have  been  resorted  to 
ever  since,  to  avoid  the  danger  of  softening  the  gutta-percha  covering. 
I  have  arranged  an  apparatus  for  proving  to  you  in  the  first  instance 
that  the  conductivity  of  a  wire  of  platinum  or  other  metal  is  greatly 
influenced  by  its  temperature ;  for  this  purpose  I  direct  the  current  of 
a  galvanic  battery  at  will  through  two  branches  of  equal  resistance, 
each  branch  comprising  a  free  spiral  wire  of  platinum  and  one  of  the 
coils  of  a  differential  galvanometer.  By  throwing  the  powerful  light 
of  an  electric  lamp  upon  the  face  of  the  differential  galvanometer,  and 
by  throwing  the  image  by  means  of  a  mirror  and  lens  upon  the  screen, 
the  audience  will  see  any  movement  of  the  needle  to  the  right  or  the 
left  that  may  take  place  when  I  complete  the  battery  connection.    The 
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resistance  of  both  branch  circuits  being  the  same,  no  deflection  of  the 
needle  is  observable  on  depressing  the  key,  bnt  when  I  pass  the  flame 
of  a  spirit-lamp  under  the  one  platinnm  coil  the  needle  is  thrown  im- 
mediately oyer  to  the  right,  because  the  electrical  resistance  of  the 
heated  wire  is  increased,  and  consequently  a  larger  proportion  of  the 
current  is  passing  through  the  cooler  circuit,  exercising  a  prepon- 
derating influence  upon  the  galvanic  needle.  When  I  withdraw  the 
spirit  flame  from  the  wire  the  needle  rapidly  returns  to  its  zero  posi- 
tion, but  in  passing  it  under 

the  other  spiral  wire  the  ^®-^ 

needle  immediately  deflects 
in  the  opposite  direction. 

If  instead  of  using  the 
open  spirals  I  were  to  wind 
thin  insulated  wire  of  any 
pure  metal  upon  two  small 
cylindrical  pieces  of  wood, 
and  were  to  enclose  the  tiny 
spirals  in  small  silver  cas- 
ings, as  shown  in  view  and 
in  section  by  Fig.  2,  taking 
care  that  the  extremities 
of  the  spiral  wires  were 
soldered  to  thicker  insu- 
lated wires  leading  respec- 
tively to  the  battery  and 
diflerential  galvanometer 
befoTQ  mentioned,  it  follows 
that  no .  deflection  of  the 
needle  ensues  when  both 
the  protected  and  equal 
spiialB  are  dropped  into  a 
jar  containing  iced  water. 
But  if  I  take  one  of  the 
spirals  from  the  water,  and 
place  it,  for  instance,  by  his 
kind  permission,  into  the 
hand  of  our  President  with- 
out disconnecting  the  same 
frt>m  its  leading  wires,  the 
balance  of  resistance  will  no 
longer  take  place,  and  a  de- 
flection of  the  needle  to  the, 
right  actually  takes  place. 
I  will  now^endeavour,  however,  to  re-establish  the  equilibrium  by 
adding  warm  water  to  the  iced  water  surrounding  the  comparison 
coil  near  me  until  no  deflection  of  the  needle  is  observable.  This 
result  being  obtained,  it  follows  that  the  temperature  of  the  water 
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Burronnding  the  one  coil  xniifit  be  identical  with  the  temperature  of 
our  President's  hand,  and  the  delicate  mercnry  thermometer  which 
I  have  placed  in  my  solution  mnst  give  me  the  temperature  of  the 
distant  place  which  I  intended  to  measure.    The  temperature  here 
observed  is  89  *  5^  Fahrenheit,  which  is  at  this  moment  that  of  Sir 
Henry  Holland's  hands.     This  result  is  independent  of  the  ratio  in 
which  the  electrical  resistance  increases  with  temperature  in  the 
similar  coils,  and  considering  that  the  silver  casings  containing  the 
coils  are  not  larger  than  small  pencil-cases,  this  method  might  be 
advantageously  employed  in  physiological  research.     The  one  ooO 
would  only  have  to  be  placed  within  the  cavity  to  be  measured  to 
enable  the  observer  to  read  the  temperature  from  time  to  time,  with- 
out disturbing  the  patient,  with  the  accuracy  of  which  the  mercury 
or  spirit  of  wine  themiometer  employed  is  capable.      But  the  same 
method  is  applicable  for  measuring  the  temperatures  of  distant  or  in- 
accessible places,  such  as  the  interior  of  stores  or  cargoes  of  materials 
liable  to  spontaneous  combustion ;  of  points  elevated  above  the  surfeM^ 
of  the  ground ;  or  of  great  depths  below  for  meteorological  purposes ; 
or  for  measuring  the  temperature  of  the  sea  continuously  in  attaching 
such  a  coil  to  the  mariner's  sounding  lead.    An  error  would  in  such 
cases  arise,  however,  through  the  uncertainty  of  the  resistance  of  long 
leading  wires,  if  a  complete  remedy  of  error  from  such  a  source  had 
not  suggested  itself.    This  consists  in  uniting  three  separate  insulated 
leading  wires,  into  a  cable  by  which  the  distant  ooil  is  connected  with 
the  measuring  instrument     One  galvanic  circuit  passes  from  the  bat- 
tery through  one  of  the  leading  wires,  through  the  distant  spiral  and 
back  again  through  the  second  leading  wire  to  the  differential  galva- 
nometer and  the  battery,  and  the  second  passes  from  the  same  battery 
through  the  near  coil,  and  through  the  tiiird  leading  wire  up  to  the 
distant  coil  without  traversing  the  same,  and  back  again  through  the 
second  leading  wire  to  the  galvanometer  and  battery.     Thus  both 
galvanic  circuits  comprise  the  leading  wires  up  to  the  distant  coil,  and 
all  variations  of  resistance  by  temperature  to  which  the  leading  wires 
may  be  subjected,  affect  both  sides  of  the  balance  equally.    In  con- 
structing coils  for  measuring  deep-sea  temperatures  a  large  quantity 
of  insulated  copper  or  iron  wire  is  wound  upon  a  metallic  tube  open 
at  both  ends  to  admit  the  sea-water  freely  in  order  to  impart  its  tem- 
perature to  the  innermost  layers  of  the  insulated  wire.     The  ooil  of 
wire  is  protected  externally  by  drawing  a  tube  of  vulcanized  india- 
rubber  over  it,  which  in  its  turn  is  bound  round  by  a  close  spiral 
layer  of  copper  wire,  whereby  the  sea-water  is  effectually  excluded 
from  the  sensitive  coil.     By  these  arrangements  the  temperature  of 
distant  or  otherwise  inaccessible  places  can  bo  accurately  ascertained ; 
but  the  method  is  limited  to  the  range  of  temperature  which  can  be 
obtained  and  measured  in  the  comparison  bath.    In  order  to  realize 
a  pyrometer  by  electrical  resistance,  it  is  necessary  to  rely  upon  the 
absolute  measurement  of  the  electrical  resistance  of  a  coil  of  wire 
which  must  be  made  to  resist  intense  heats  without  deteriorating 
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throngb  fdsion  op  ozidatioiL  Plalinun  is  the  only  snitable  metal 
for  Buch  an  application,  but  even  platinum  wire  deteriorates  if 
exposed  to  the  direct  action  of  the  flame  of  a  fomace,  and  requires 
an  external  protection.  The  platinum  wire  used  has,  moreover, 
to  be  insulated  and  supported  by  a  material  which  is  not  fused  op 
rendered  conductive  at  intense  heats,  and  the  disturbing  influence  of 
leading  wires  had  in  this  case  also  to  be  neutralized.  These  various 
conditions  are  very  fully  realized  by  the  ammgement  reppesented  on 
the  following  diagpam,  Fig.  3. 
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Thin  platinum  wipe  is  coiled  upon  a  cylindep  of  hard-baked  porce- 
lain, upon  the  supface  of  which  a  double-thpeaded  helical  gpoove  is 
fopmed  fop  its  peoeptiou,  so  as  to  ppevent  contact  between  the  coils  of 
wipe.     The  popcelain  cylindop  is  piepced  twice  longitudinally  fop  the 
passage  of  two  thick  platinum  leading  wipes,  which  ape  connected  to 
the  thin  spipal  wipe  at  the  end.    In  the  uppep  poption  of  the  popcelain 
cylindep  tiie  two  spipal  wipes  ape  fopmed  into  a  longitudinal  loop,  and 
ape  connected  cpossways  by  means  of  a  platinum  binding  scpew,  which 
admits  of  being  moved  up  op  down  fop  the  puppose  of  adjustment  of  the 
electpical  resistance  at  the  zepo  of  Genti^*ade  scale. '  The  popcelain 
cylindep  is  ppovided  with  ^ppojecting  pims,  which  sepapate  the  spipal 
wipe  from  the  suppounding  ppotecting  tube  of  platinum,  whidi  is 
joined  to  a  longep  tube  of  wrought  ipon,  sepving  the  puppose  of  a 
handle  fop  moving  the  instpument.    If  the  tempepatupes  to  be  mea- 
sured do  not  exceed  a  modepate  white  heat,  op  say  1300^  Centigpade 
*=  2372^  Fahp.,  it  suffices  to  make  the  lowep  ppotecting  tube  also  of 
wpought  ipon,  to  save  expense.     This  lowep  poption  only,  up  to  the 
coniaid  enlapgement  op  boss  of  ipon,  is  exposed  to  the  heat  to  be  mea- 
suped.     Thpee  leading  wires  of  insulated  coppep  united  into  a  light 
cable  connect  the  pypometep  with  the  measuring  instpument,  which 
may  be  at  a  distance  of  some  hundped  yapds  from  the  same.     They 
ape  connected  by  means  of  binding  scpews  at  the  end  of  the  tube  to 
thpee  thick  platinum  wipes  passing  down  the  tube  to  the  spipal  of  thin 
platinum  wipe.   Here  two  of  the  l^ing  wires  aro  united,  whereas  the 
third  traverses  the  spiral,  and  joins  itself  likewise  to  one  of  the  two 
former,  which  forms  the  return  wire  for  two  electrical  circuits,  the  one 
oomprisinff  the  spiral  of  thin  wire,  and  the  other  returning  immediately 
in  front  of  the  same,  but  traversing  in  its  stead  a  comparison  coil  of 
constant  resistance.     The  measuring  instrument  may  consist  of  a 
diflerential  galvanometer  as  before,  if  to  the  constant  resistance  a 
variable  resistance  is  added.    If  the  pypometep  ooil  were  to  be  put 
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into  a  yeesel  containing  snow  and  water,  the  balance  of  resistance 
between  the  two  battery  circnits  would  be  obtained  without  adding 
variable  resistance  to  the  coil  of  constant  resistance,  and  the  needle  ci 
the  differential  galvanometer  wonld  remain  at  zero  when  the  current 
is  established.  But  on  exposing  the  pyrometer  to  an  elevated  tem- 
perature the  resistance  of  its  platinum  coil  would  be  increased,  and 
resistance  to  the  same  amount  would  have  to  be  added  to  the  constant 
resistance  of  the  measuring  instrument,  in  order  to  re-establish  the 
electrical  balance.  This  additional  resistance  would  bo  the  measure 
of  the  increase  of  temperature,  if  only  the  ratio  in  which  platinum 
wire  increases  in  electrical  resistance  with  temperature  is  once  for  all 
established.  This  is  a  question  which  I  shall  revert  to  after  having 
completed  the  description  of  the  pyrometric  instrument. 

Although  I  have  explained  that  by  means  of  a  differential  galvano- 
meter and  a  variable  resistance  {constituting  in  effect  a  Wheatstone 
bridge  arrangement)  the  increasing  resistance  of  the  platinum  spiral 
may  be  measured,  it  was  found  that  the  use  of  a  delicate  galvanometer 
is  attended  with  considerable  practical  difficulty  in  iron-wi>rks  and 
other  rough  places  where  it  is  important  to  measure  elevated  tempe- 
ratures, or  on  board  ship  for  measuring  deep-sea  temperatures.  I  was 
therefore  induced  to  seek  the  same  result  by  the  conception  of  an 
instrument  which  is  independent  in  its  action  from  tremulous  motion, 
or  from  magnetic  disturbance  caused  by  moving  masses  of  iron,  and 
which  requires  no  careful  adjustment  or  specif  skill  on  the  part  of 
the  operator.  This  instrument  is  reprosented.by  Fig.  4  on  page  446, 
and  may  be  termed  a  chemical  resistance  measurer  or  '*  differential 
voltameter."  The  immortal  Faraday  has  proved  that  the  decompo- 
sition of  water  in  a  voltameter  expressed  by  the  volumes  of  gases  Y, 
is  proportionate  in  the  unit  of  time  to  the  intensity  I  of  the  decom- 
posing current,  or  that 

1  =  1. 
T 

According  to  Ohm's  general  law,  the  intensity  I  is  governed  by  the 
electro-motive  force  E,  and  inversely  by  the  resistance  R,  or  it  is 


It  is  therefore 


-I- 

V      E      „      ET; 


or  the  volume  V  would  give  a  correct  measure  of  the  electrical  resist- 
ance B  if  only  the  electro-motive  force  E  and  time  T  wore  known  and 
constant  quantities.  But  the  electro-motive  force  of  a  battery  is  very 
variable ;  it  is  influenced  by  polarization  of  the  electrodes,  by  tempe- 
rature, and  the  strength  and  purity  of  the  acid  employed.  The 
volume  of  gases  obtained  is  influenced,  moreover,  by  the  atmospheric 
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presBore,  and  it  is  extremely  difficult  to  make  time  obeervatioiui 
correctly.  It  occurred  to  me,  however,  that  these  uncertain  elements 
might  be  entirely  eliminated  in  combining  two  similar  yoltameters  in 
sndi  a  manner  that  the  current  of  the  same  battery  was  diyided  between 
the  two,  the  one  branch  comprising  the  unknown  resistance  to  be 
measured,  and  the  other  a  known  and  constant  resistance.  The  Tolume 
of  gas  y  produced  in  this  second  Toltameter,  haying  a  resiBtance  B' 
in  circuit,  would  be  expressed  by 

ET 

and  we  diouid  haye  the  proportion  of 

_-    ^,       ET    ET 
^  •  ^  BR'' 

or  E  and  T,  being  the  same  in  both  cases,  may  be  struck  out,  and  the 
expression  will  assume  the  simple  form 

V  :  V  =  B'  -f.  B. 

The  constant  resistance  B  of  the  one  circuit  being  known,  it  follows 

B^ 
that  the  unknown  resistance  B'  is  expressed  by  ^  ;  that  ia»to  say,  by 

a  constant  multiplied  by  the  proportion  of  gas  produced  in  the  two 
yoltameters  irrespectiye  of  time,  or  strength  dT  battery,  or  temperature, 
or  the  state  of  the  barometer. 

The  resistance  B  and  B'  are  composed  each  of  two  resistances, 
namely,  that  of  the  principal  coils,  which  we  may  term  B  or  B^  and 
of  the  yoltameter  and  lea£ng  wires,  which  is  the  same  in  both  cases, 
and  may  be  expressed  by  if.  The  expression  should  therefore  be 
written  as  follows : 

V  :  V  =  B'  +  f '  :  B  -j-  y, 

B'  being  the  unknown  quantity. 

The  mechanical  arrangement  of  the  instrument  will  be  understood 
from  the  diagram,  Fig.  4 ;  and  the  whole  arrangement  of  the  pyro- 
meter, with  its  leading  wire  and  resistance  measurer,  from  the  general 
yiew  giyen  m  Fig.  5.  The  yoltametric  resistance  measurer  consists  of 
two  (^brated  vertical  tubes  of  glass  of  about  3  millimetres  diameter, 
which  are  fixed  upon  a  scale  showing  arbitrary  but  equal  diyisiona 
The  upper  ends  of  the  tubes  are  closed  by  small  cushions  of  india- 
rubber  pressed  down  upon  the  openings  by  means  of  weighted  levers, 
whereas  the  lower  portions  of  the  tubes  are  widened  out  and  closed  by 
plugs  of  wood,  through  which  the  electrodes  in  the  form  of  pointed 
platinum  wires  penetrate  to  the  depth  of  about  25  millimetres  into  the 
widened  portions  of  the  tubes.  By  a  side  branch  the  widened  portion 
of  each  vertical  tube  communicates  by  means  of  an  india-rubber  con- 
necting pipe  to  a  little  glass  reservoir  containinff  acidulated  water,  and 
supported  in  a  vertical  slide.  In  raising  the  weighted  cushions  dosing 
Vol.  VI.    (No.  56.)  2  i 
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trical  observation  on  the  part  of  the  operator,  very  accurate  results  are 
obtained;  but  in  order  not  to  incur  considerable  error  of  observation 
it  is  advisable  to  continue  the  current,  reversing  the  same  say  twice, 
until  at  least  forty  divisions  of  giises  are  produced  in  the  least  activated 
tube,  which  operation  will  occupy  from  2  to  3  minutes ;  if  a  batti^ry, 
of  from  4  to  6  Daniell  elements  is  employed.  The  volumes  V  and 
y  being  noted,  after  liaving  allowed  half  a  minute  for  the  gases  to 
collect  after  the  current  has  ceased,  the  weighted  cushions  upon  the 
tabes  are  raised  in  order  to  allow  the  gifses  to  escape,  when  the  water 
levels  vnil  immediately  return  to  their  zero  position,  to  ma]^e  ready 
for  another  observation.  By  inserting  the  observed  values  for  V  and 
y  into  the  expression  above  given,  the  unknown  resistance  H'  can  be 
easily  calculated ;  but  in  order  to  facilitate  the  use  of  the  instrument 
I  have  prepared  a  Table  which  gives  at  a  glance  the  resistance  due  to 
any  two  observed  volumes,  the  volumes  V  governing  the  vertical,  V 
the  horizontal  columns,  and  the  resistance  being  r^  off  at  the  point 
of  intersection.  At  eadi  point  of  intersection  the  resistauce  is  marked 
in  black,  and  the  corresponding  temperature  in  red  ink. 

It  now  remains  only  to  be  shown  what  is  the  relation  between  the 
resistance  and  temperature  in  heating  a  platinum  wire.  The  researches 
of  Dr.  Matthiesen,  who  has  made  the  latest  investigations  on  the 
effect  of  temperature  upon  electrical  resistance,  are  restricted  to  the 
narrow  range  of  temperatures  between  (P  and  100°  Centigrade,  nor  do 
they  c6mprise  platinum.  He  adopted  the  following  general  expression 
for  the  pure  metals  : 

^'  "    l^xi  +  yf' 

which,  in  determining  the  specific  values  of  x  and  y  for  each  metal, 
gives  a  close  agreement  with  observation  between  the  narrow  limits 
indicated,  but  is  whoUy  inapplicable  for  temperatures  exceeding 
200°  Centigrade,  when  tiie  value  ^  commences  to  predominate  and 
to  produce  absurd  values  for  R|. 

It  was  necessary  for  my  purpose  to  undertake  a  series  of  elaborate 
experiments  with  a  view  of  finding  a  ratio  of  general  application. 
Coils  of  thin  wire,  of  platinum,  iron,  copper,  and  some  other  metals, 
were  gradually  heated  and  cooled  in  metallic  chambers  containing  the 
bulbs  of  mercury  thermometers,  and  for  higher  temperatures  of  air 
thermometers,  and  the  electrical  resistances  were  carefully  noted. 
The  progressive  increase  of  electrical  resistance  was  thus  compared 
directly  with  the  increasing  volume  of  a  permanent  gas  (car<^ully 
dried^  between  the  limits  of  zero  and  47(]^  Centigrade  and  a  ratio 
establiahed,  which  is  represented  by  the  formula 

R,  =  aT»  +  i8T  +  7, 

in  which  T  signifies  total  temperature  counting  from  the  absolute  zero, 
and  a  fi  and  y  specific  coefficients  for  each  metaL  According  to  this 
formula  the  electrical  resistance  is  a  constant  at  the  absolute  zero,  and 

2  I  2 
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progresses  in  a  ratio  represented  graphically  by  a  tipped-up  parabola, 
approaching  more  and  more  toward  a  uniform  ratio  at  elevated  tempe- 
ratures. Although  the  comparison  with  the  air  thermometer  could 
only  be  carried  up  to  470°  Centigrade,  the  general  correctness  of  the 
ratio  of  increase  just  stated  has  been  verified  by  indirect  means  in 
measuring  progressive  heats,  and  by  comparison  with  the  platinum 
ball  pyrometer. 

It  is  important  to  mention,  here  that  great  care  must  be  exerciBed 
in  the  selection  of  the  platinum  wire  for  the  measuring  spiral,  plati- 
num wire  having  been  met  with  conducting  only  4*7  times  better  than 
mercury  at  zero,  Centigrade,  and  others ;  conducting  8*2  times  better 
than  mercury,  aJthou^  both  samples  had  been  supplied  by  the  same 
eminent  makers,  Messrs.  Johnson  and  Mathey.  The  abnormal  elec- 
trical resistance  of  some  platinum  wire  is  due  chiefly  to  the  admixture 
of  iridium  or  other  metals  of  the  same  group,  and  it  appears  tbat  the 
platinum  prepared  by  the  old  welding  process  is  purer  and  therefore 
better  suited  for  electrical  purposes  tiran  the  metal  consolidated  by 
fusion  in  a  Deville  furnace. 

In  conclusion,  I  shall  show'some  working  results  of  the  pyrometer 
in  measuring  by  means  of  the  same  protected  coil  a  mixture  of  ice  and  < 
water,  boiling  water,  molten  lead,,  and  the  fire  itself  by  which  the  lead 
is  melted,  the -readings  produced  being  2^  Centigrade,  98°  Centigrade, 
830°  Centigrade,  and  860''  Centigrade  respMtively.  The  latter 
temperature  signified  a  cherry  red  heat^  as  may  be  judged  by  the 
appearance  of  the  tube  when  withdrawn  from  the  fire.  The  instru- 
ment which  I  have  had  the  honour  to  bring  before  you  this  evening 
has  already  received  several  useful  applications.  Through  its  firet 
application  an  important  telegraph  cable  was  saved  from  destruction 
through  spontaneous  generation  of  heat.  Prof.  Bolzani,  of  Easan,  has 
made  some  interesting  applications  of  it  for  recording  the  tempera- 
ture at  elevated  points  and  at  points  below  the  earth's  surface. 
Mr.  Lowthian  Bell  has  used  it  in  his  well-known  researches  on  blast- 
furnace economy;  and  at  several  iron-works  pyrometer  tubes  are 
introduced  into  the  heating  stoves,  and  pennanently  connected  with 
the  office,  where  the  heat  of  each  stove  can  at  all  times  be  read 
off  and  recorded.  These  and  other  applications  are  sufficiently  self- 
evident,  if  the  'soundness  of  the  pridciples  upon  which  I  rely  is  con- 
ceded ;  but  I  feel  that  the  shortness  of  time  at  my  command  has  hardly 
enabled  mo  to  do  more  than  to  pass  these  in  review,  while  endeavour- 
ing to  detuonstrato  the  results  obtained  of  recording  the  temperatures 
of  distant  or  inaccessible  places,  including  furnace  temperatures. 

[C.  W.  S.  I 
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GENERAL  MONTHLY  MEETING, 

Monday,  March  4,  1872. 

Sib  Frkbiriok  Pollock,  Bart.  M.A.  Vice-PreBident, 

in  the  Chair. 

Sir  Reginald  Bamewall,  Bart.  Henry  Grissell,  Esq. 

Francis  Darwin,  Esq.  B.A.  j  Albert  Hovenden,  Esq. 

Thomas  Andros  De  la  Rue,  Esq.  Alfred  Bray  Eempe,  Esq.  B.A. 

B.A.  I  Henry  Robert  Eempe,  Esq.- 

Francis  Datton,  Esq.  F.R.G.S.      [  Falconer  Lockworthy,  Esq. 

Charles  Elam,  M.D.  F.R.C  P.        [  George  Lockyer,  jun,  Esq. 

J.  Kennedy  Esdaile,  Esq.  M.A.      j  Mrs.  E.  H.  Moscrop. 

Charles  Few,  Esq.  ,  Sir  Thomas  Pycroft,  K.C.S.1. 

Hugh  Ferguson,  Esq.  :  Charles  Harley  Savory,  Esq. 

Sir  Donald  Friell  M'Leod,  C.B.  '  Mrs.  Basil  Woodd  Smith. 

E.C.S.L  I  Charles  Edward  Seth  Smith,  Esq. 


Wm.  Belger  Gibbs,  Esq.  F.RA.S. 

wore  eleeUd  Members  of  the  Royal  Listitntion. 

The  Pbxskhts  receiyed  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yiz. : — 

FROM 

ulcTtioriV*,  Jiueaute  o/— Journal,  No.  86.    8va    1872. 

BriUth  ArckUeets,  Royal  Inttitute  o/— Sessional  Papers,  1871-2.    Nos.  4,  5.    4ta 

Chemiedl  Sodety-'-JounBl  for  Jan.  1872.    8vo. 

Dublin  Soddy,  JtoyoZ-^ournal,  No.  40.    8vo.     1872. 

Edinhwr^  Royal  0&Mrra/ory--Scottish  Meteorology,  1856-71.    (Edin.  Astron. 

Obs.)    Vol.  XIIL    4to.    1872. 
£Utiori— Academy  for  Feb.  1872.    4to. 

American  Joomal  of  Science  for  Jan.  1872.    8yo. 

Artisan  for  Feb.  1872.    4to. 

AtbenfBum  for  Feb.  1872.    4to. 

Chemical  News  fur  Feb.  1872.    4to. 

Engineer  for  Feb.  1872.    fol. 

Horological  Joomal  for  Feb.  1872.    8to. 

Journal  of  Gas-Lighting  for  Feb.  1872.    4to. 

Mechanics'  Magazine  for  Feb.  1872.    8to. 

Nature  for  Feb.  1872.    4to. 

Pharmaceutical  Journal  for  Feb.  1872.    8yo. 

Photographic  News  for  Feb.  1872.    4to. 
Geological  indittUe,  Imperial^  Fteniia— Jahrbuch,  1871.    No.  3.    Sro, 

Verhandlungen,  1871.  Nos.  14, 15.  8vo. 
London  IZmVeivtly— Calendar  for  1872.  16to. 
ManeheiUr  Literary  and  Philoeophieal  Sooiely — ^Proceedings.  VoL  XI.  Nos.  9, 10. 

8vo.    1871-2. 
Jfonfi,    W.   Wtlber/oree,  E$q,  (the  4tt(Aor>— The  Linn-base  Decimal    System. 

(0  14)    16to.    1872. 
Medutnieal  Engmeenf  InMidion,  BirmifiaAaiii— Proceedings,  Oct.  1871.    8to. 
Melsorologieal  OJIos— Quarterly  Weather  Beport,  1870,  Part  3.    4to.    1872. 
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Photographie  iSbeMy— Journal,  No.  230.    8yo.    1872. 

Preunitoke  Akademie  der  Wi9$en$ckaftm — ^Monatsberichte.    Nov.  1871.    8yo. 
Boyal  Society  of  London^-Froceedrnf^  No.  130.    8yo.    1872. 
Wedgufood,  HenaUigh,  Saq.  M.RJ.  (the  Author}— Origin  of  LAngnflge.  8to.   1872. 
WHnburg  Phyeieal  and  Medical  Soiidy — ^Verhandlungen,  Neue  Folge.    Band  L 
Band  IL  1,2.    8vo.    1868-71. 


WEEKLY  EVENING  MEETING, 

Friday,  March  8, 1872. 

William  Sfottiswoodb,  Esq.  M.A.  LL.D.  Treas.  RS.  and  RI. 

Yioe-President,  in  the  Chair. 

B.  LiXBRviOH,  Esq.  M.R.I. 

OFBTHALMIO  8UBOKOH  AXB  LSCTUHtS  AT  8T.  THOMAfl'S  BOiPXTAL, 

Turner  and  Mtdready — On  the  Effect  of  certain  Fatdts  of  Vision  on 
Painting,  wUh  especial  Reference  to  their  Works. 

When  I  arrived  in  England  about  eighteen  months  ago,  little  thinlriTtg 
that  a  short  vacation  tour  would  end  in  my  permanent  residence  here, 
I  at  once  paid  a  visit  to  the  National  GkJlery.  I  was  anxious  to  see 
Turner's  pictures,  which  on  the  Continent  I  had  had  no  opportunity  of 
doing.  How  great  was  my  astonishment  when,  after  having  admired 
his  earlier  works,  I  entered  another  room  which  contained  his  later 
paintings !  Are  these  really  by  the  same  haoid  ?  I  asked  myself  on  first 
inspecting  them ;  or  have  they  suffered  in  any  way  ?  On  examining 
them,  however,  more  closely,  a  question  presented  itself  to  my  mind 
which  was  to  me  a  subject  of  interesting  diagnosis.  Was  the  great 
change  which  made  the  painter  of  "  Crossing  the  Brook  **  afterwai^ 
produce  such  pictures  as  "  Shade  and  Darkness,"  caused  by  an  ocular 
or  cerebral  disturbance  ?  Besearches  into  the  life  of  Turner  could  not 
afiford  an  answer  to  this  question.  All  that  I  could  learn  was,  that 
during  the  last  five  years  of  his  life  his  power  of  vision  as  well  as  his 
intellect  had  suffered.  In  no  way,  however,  did  this  account  for  the 
changes  which  began  to  manifest  tiiemselves  about  fifteen  years  before 
that  time.  The  question  could  therefore  only  be  answered  by  a  direct 
study  of  his  pictures  from  a  purely  scientific,  and  not  at  all  from  an 
SBsthetic  or  artistic  point  of  view. 

I  chose  for  this  purpose  pictures  belonging  to  the  middle  of  the 
period  which  I  consider  pathological,  t.  e.  not  quite  healthy,  and 
analyzed  them  in  all  their  details,  with  regard  to  colour,  drawing, 
and  distribution  of  light  and  shade. 

It  was  particularly  important  to  ascertain  if  the  anomaly  of  the 
whole  picture  could  be  deduced  from  a  regularly  recurring  fault  in  its 
details.  This  fault  is  a  vertical  streakiness,  which  is  caused  by  every 
illuminated  point  having  been  changed  into  a  vertical  line.  The 
elongation  is,  generally  speaking,  in  exact  proportion  to  the  brightn< 
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ment,  or  of  an  occasional  ancceea.  Nothing  of  all  diis  i^liea  to  what 
has  been  called  Turner's  manner.  Nothing  in  him  ia  arbitrary, 
assumed,  or  of  set  purpose.  According  to  my  opinion,  his  manner  is 
exdusiyely  the  result  of  a  change  in  his  eyes,  which  developed  itself 
during  the  last  twenty  years  of  his  life.  In  consequence  of  it  the 
aspect  of  nature  gradually  changed  for  him,  while  he  continued  in  an 
unconscious,  I  might  almost  say  in  a  naive  manner,  to  reproduce  what 
he  saw.  And  he  reproduced  it  so  ftuthfully  and  accurately,  that  he 
enables  us  distinctly  to  recognize  the  nature  of  the  disease  of  his  eyes« 
to  follow  its  development  step  by  step,  and  to  prove  by  an  optical 
contrivance  the  correctness  of  our  diagnosis.  By  the  aid  of  this  con- 
trivance we  can  see  nature  under  the  same  aspect  as  he  saw  and 
represented  it.  With  the  same  we  can  also,  as  I  shall  prove  to  you 
by  an  experiment,  give  to  Turner's  early  pictures  the  appearance  of 
those  of  the  later  period. 

After  he  had  reached  the  age  of  fifty-five,  the  crystalline  lenses  of 
Turner's  eyes  became  rather  dim,  and  dispersed  the  light  more 
strongly,  and  in  consequence  threw  a  bluish  mist  over  illuminated 
objects.  This  is  a  pathological  increase  of  an  optical  effect,  the  exist- 
ence of  which,  even  in  the  normal  eye,  can  be  proved  by  the  following 
experiment.  If  you  look  at  a  picture  which  hangs  between  two 
windows,  you  will  not  be  able  to  see  it  distinctly,  as  it  will  be,  so  to 
speak,  veiled  by  a  greyish  haze.  But  if  you  hold  your  hands  before 
your  eyes  so  as  to  shade  them  from  the  light  of  the  windows,  the  veiling 
mist  disappears,  and  the  picture  becomes  clearly  visible.  The  dis- 
turbing light  had  been  dif^sed  by  the  refracting  media  of  the  eye,  and 
had  fallen  on  the  same  part  of  the  retina  on  which  the  picture  was 
formed.  If  we  examine  the  eye  by  an  illumination  resembling  that 
by  means  of  which  Ptofessor  Tyndall,  in  his  brilliant  experiments, 
demonstrated  to  you  the  imperfect  transparency  of  water,  we  find  that 
even  the  clearest  and  most  beautiful  eye  is  not  so  perfectly  transparent 
as  we  would  suppose.  The  older  we  get  the  more  the  transparency 
decreases,  especially  of  the  lens.  Bat  to  produce  an  effect  equal  to 
that  visible  in  Turner's  pictures  after  the  year  1831,  pathological 
conditions  are  required.  In  the  years  that  followed,  as  often  happens 
in  such  cases,  a  clearly-defined  opacity  was  formed  in  the  slight  and 
diffuse  dimness  of  the  crystalline  Ions.  In  consequence  of  this  the 
light  was  no  longer  evenly  diffused  in  all  directions,  but  principally 
dispersed  in  a  vertical  direction.  At  this  period  the  alteration  offers, 
in  the  case  of  a  painter,  the  peculiarity  that  it  only  affects  the  appear^ 
ance  of  natural  objects,  where  the  light  is  strong  enough  to  produce 
this  disturbing  effect,  whilst  the  light  of  his  painting  is  too  feeble  to 
do  so :  therefore,  the  aspect  of  nature  is  altered,  that  of  his  picture 
correct.  Only  within  the  last  years  of  Turner's  life,  the  dimness  had 
increased  so  much,  that  it  prevented  him  from  seeing  even  his  pictures 
correctly.  This  sufficiently  accounts  for  the  strange  appearance  of 
his  last  pictures,  without  its  being  necessary  to  take  into  account  the 
state  of  his  mind. 
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in  front :  then  you  oan  define  astigmatiBm  as  a  difference  in  the  cor- 
Tatnre  of  two  meridians,  which  may,  for  instance,  stand  perpendicularly 
upon  each  other;  the  consequence  of  which  is  a  difference  in  the 
power  of  refraction  of  the  eye  in  the  direction  of  the  two  meridians. 
An  eye  may,  for  instance,  have  a  normal  refraction  in  its  horizontal 
meridian,  and  be  short-sighted  in  its  yertical  meridian.  SmaU  differ- 
ences of  this  kind  are  found  in  almost  every  eye,  but  are  not  perceived. 
Higher  degrees  of  astigmatism,  which  decidedly  disturb  vision,'  are, 
however,  not  uncommon,  and  are  therefore  also  found  among  painters. 
I  have  had  occasion  to  examine  the  eyes  of  several  distinguished 
artists  which  presented  such  an  anomaly,  and  it  interested  me  much 
to  discover  wnat  influence  this  defect  liad  upon  their  works.  The 
diversity  depends  in  part  upon  the  degree  and  nature  of  the  optical 
anomaly,  but  its  effect  shows  itself  in  £fferent  ways,  according  to  the 
subjects  the  artist  paints.  An  example  will  explain  this  better.  I 
know  a  landscape-painter  and  a  portrait-painter  who  have  both  the 
same  kind  of  astigmatism ;  that  is,  the  refraction  of  the  vertical 
meridian  differs  from  the  refraction  of  the  horizontal  one.  The  con- 
sequence  is,  that  their  sight  is  normal  for  vertical  lines,  but  for 
horizontal  lines  they  are  slightly  short-sighted.  Upon  the  landscape- 
painter  this  has  haidly  any  disturbing  influence.  In  painting  distant 
views  sharp  outlines  are  not  requisite,  but  rather  undefined  and 
blending  tones  of  colour.  His  eye  is  sufficiently  normal  to  see  these. 
I  was  struck,  however,  by  the  fact  that  the  foreground  of  his  pictures, 
which  generally  represents  water  with  gently-moving  waves,  was  not 
painted  with  the  same  truthfulness  to  nature  as  the  middle  and  back 
ground.  There  I  found  short  horizontal  strokes  of  the  brush  in  dif- 
ferent colours,  which  did  not  seem  to  belong  to  the  water.  I 
therefore  examined  the  picture  with  a  glass,  which,  when  added  to  my 
eye,  produced  the  same  degree  of  astigmatism  as  existed  in  the 
painter's  eye,  and  the  whole  picture  appeared  much  more  beautiful, 
the  foreground  being  now  as  perfect  as  ihe  middle  and  back  ground. 
In  consequence  of  this  artificially-produced  astigmatism,  I  saw  the 
horizontal  strokes  of  the  brush  indistinctly,  and  so  mixed  together, 
that  through  them  the  colour  and  transparency  of  the  water  were  most 
exquisitely  rendered. 

Upon  the  portrait-painter  astigmatism  had  a  very  different  influ- 
ence. He  was  held  in  high  esteem  in  Paris,  on  account  of  his  excellent 
grasp  of  character  and  intellectual  individuality.  His  admirers  con- 
sidered even  the  material  resemblance  of  his  portraits  as  perfect; 
most  people,  however,  thought  he  had  intentionally  neglected  the 
material  l&eness  by  rendering  in  an  indistinct  and  vague  manner 
the  details  of  the  features  and  the  forms.  A  careful  analysis  of  the 
picture  shows  that  this  indistinctness  was  not  at  all  intentional,  but 
simply  the  consequence  of  astigmatism.  Within  the  last  few  years 
the  portraits  of  this  painter  have  become  considerably  worse,  because 
the  former  indistinctness  has  grown  into  positively  false  proportions. 
The  neck  and  oval  of  the  face  appear  in  all  his  portraits  considerably 
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red,  green,  and  bine,  according  to  Maxwell.  When,  as  maj  easily 
happen,  to  this  defect  is  joined  a  decided  talent  for  painting,  drawing 
alone  ought  to  be  attempted,  because  so  absolute  a  defect  will  soon 
assert  itself.  But  we  meet  with  slighter  degrees  of  colour-bliadness, 
where  the  perception  of  red  is  not  entirely  wanting,  but  only  consider- 
ably diminished ;  so  that,  for  instance,  an  intense  or  strongly-illumi- 
nated red  can  be  perceived  as  such,  while  a  less  intense  red  appears 
green.  This  moderate  degree  of  colour-blindness  does  not  always 
deter  people  from  painting.  A  proof  of  this  I  saw  at  the  last  year'fe 
Exhibition,  in  a  picture  which  represented  a  cattle-market.  The  roo& 
of  the  surrounding  houses  were  all  painted  red  on  the  sunny  side, 
green  in  the  shadow;  but — what  particularly  struck  me — the  oxen 
also  were  red  in  the  sun,  green  in  Uie  shadow.  The  slighter  degrees 
of  this  anomaly,  in  the  form  of  an  insufficient  perception  of  colours, 
have  probably  been  the  real  cause  why  seyeral  great  artists,  who  bare 
become  famous  on  account  of  the  beauty  of  their  drawing  and  the 
richness  of  their  compositions,  have  failed  to  attain  an  equal  degree 
of  perfection  in  colouring. 

In  opposition  to  these  isolated  cases,  I  have  to  draw  your  attentioii 
to  other  cases  which  happen  more  frequently,  and  in  advanced  age,  in 
consequence  of  a  change  in  the  perception  of  colours.  They  do  not 
arise  from  a  deficient  function  of  the  nervous  apparatus  of  the  eye^ 
but  in  consequence  of  a  change  in  the  colour  of  the  lens. 

The  lens  always  gets  rather  yellow  at  an  advanced  age,  and  witii 
many  people  the  intensity  of  the  discoloration  is  considerable.  This, 
however,  does  not  essentially  diminish  the  power  of  vision.  In  order 
to  get  a  distinct  idea  of  the  effect  of  this  discoloration,  it  is  best  to 
make  experiments  with  yellow  glasses  of  the  corresponding  shade. 
Only  the  experiment  must  be  continued  for  some  time,  beoause  at 
first  evenrthing  looks  yellow  to  us.  But  the  eye  gets  soon  accustomed 
to  tiie  colour,  or  rather  it  becomes  dulled  with  regard  to  it,  and  then 
things  appear  again  in  their  true  light  and  colour.  This  is  at  least 
the  case  with  all  objects  of  a  somewhat  bright  and  deep  colour.  A 
caref td  examination,  however,  shows  that  a  pale  blue,  or  rather  a  certain 
small  quantity  of  blue,  cannot  be  perceived  even  after  a  very  pro- 
longed experiment,  and  after  the  eye  has  long  got  accustomed  to  the 
yellow  colour,  because  the  yellow  glass  really  excludes  it  This  must 
of  course  exercise  a  considerable  influence  when  looking  at  pictures, 
on  account  of  the  great  difference  which  necessarily  exists  between 
real  objects  and  their  representation  in  pictures. 

These  differences  are  many  and  great,  as  has  been  so  thoroughly 
explained  by  Helmholtz.  Let  us  for  a  moment  waive  the  considera- 
tion of  the  difference  produced  by  transmitting  an  object  seen  as  a 
body  on  to  a  simple  flat  surface,  and  consider  only  the  intensity  of 
light  and  colour.  The  intensity  of  light  proceeding  from  the  sun 
and  reflected  by  objects,  is  so  infinitely  greater  than  the  strongest 
light  reflected  from  a  picture,  that  the  proportion  expressed  in  num- 
bers is  far  beyond  ou;r  comprehension.     There  is  also  so  great  a 
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difference  between  the  ooloor  of  light,  or  of  an  illuminated  object, 
and  the  pigments  employed  in  painting,  that  it  appears  wonderful  that 
the  art  of  painting  can  by  the  use  of  them  produce  such  perfect 
optical  delusions.  It  can  of  course  only  produce  optical  delusions, 
neyer  a  real  optical  identity ;  that  is  to  say,  the  image  which  is  traced 
in  our  eye  by  real  objects  is  not  identical  with  the  image  produced 
in  our  eye  by  the  picture.  This  is  best  obserred  by  changing  the 
light  Whoever  paints  in  London  has  but  too  frequent  opportunities 
of  observing  this.  A  little* more  or  less  fog,  the  reflexion  of  a  cloud 
illuminated  by  the  sun,  suffices  to  alter  entirely  the  colouring  of  the 
picture,  while  the  colouring  of  natural  objects  is  not  changed  in  the 
same  manner. 

Let  us  now  return  to  our  experiment  with  the  yellow  glass,  and 
we  shall  find  that  it  affects  our  eye  very  much  in  the  same  way  as  a 
yellow  tint  in  the  light,  and  therefore  modifies  natural  objects  in 
quite  a  different  degree  from  pictures.  If  we  continue  the  experiment 
JOT  a  considerable  time,  the  difference  becomes  more  and  more  essen- 
tiaL  As  I  said  before,  the  eye  becomes  dulled  with  regard  to  the 
yellow  light,  and  thus  sees  nature  again  in  its  normal  colouring* 
The  small  quantity  of  blue  light  which  is  excluded  by  the  yellow 
glass  produces  no  sensible  difference,  as  the  diffarence  is  equalized  by 
a  dimmution  of  sensibility  with  regard  to  yellow.  In  the  picture,  on 
the  contrary,  there  is  found  in  many  places  only  as  much  blue  as  is 
perfectly  absorbed  by  the  yellow  glass,  and  this  therefore  can  never 
be  perceived,  however  long  we  continue  the  experiment.  Even  for 
those  parts  of  the  picture  which  have  been  painted  with  the  most 
intense  blue  the  painter  could  produce,  the  quantity  of  blue  excluded 
by  the  yellow  glass  will  make  itself  felt,  because  its  power  is  not 
so  small  with  regard  to  pigments  as  with  regard  to  the  blue  in 
nature. 

Imagine  now  that  in  the  course  of  years  one  of  the  transparent 
media  in  the  eye  of  a  painter  had  gradually  become  yellowish,  and 
that  this  yellow  had  by  degrees  considerably  increased  in  intensity, 
and  you  vnll  easily  understand  the  influence  it  must  exercise  upon  his 
work.  He  will  see  in  nature  almost  everything  correctly  ;  but  in  his 
picture  everything  will  appear  to  him  yellowish,  and  consequently  he 
will  paint  it  too  blue.  Does  he  not  perceive  this  himself?  Does  he 
not  believe  it  if  told  of  it?  Were  this  the  case,  it  would  be  easy  for 
him  to  correct  the  fault,  since  an  artist  can  paint  in  a  yellower  or 
bluer  tone,  as  he  chooses.  These  are  two  questions  which  are  easily 
answered  by  psychological  experience.  He  does  not  perceive  it  him- 
self, because  he  does  not  remember  that  he  formerly  saw  in  a  different 
way.  Our  remembrance  with  regard  to  opinions,  sensations,  percep- 
tions, &c.,  which  have  become  gradually  modified  in  the  course  of 
years — not  by  any  external  influence  or  sudden  impression,  but  by  a 
gradual  change  in  our  own  physical  or  mental  individuality — is 
almost  nil. 

He  does  not  believe  it  —1  would  not  say  because  an  artist  rarely 
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recognizes  what  others  tell  him  with  regard  to  his  works,  but  because 
with  him  as  with  eveiyone  else,  the  impressions  received  throngh  his 
own  eye  have  a  Stronger  power  of  conyiction  than  anything  else. 
"  Sehen  geht  vor  Sagen  "  (seeing  is  believing),  says  the  old  adage. 

We  are  almost  always  conscious  of  indistinct  vision,  be  it  in  con- 
sequence of  incorrect  accommodation  or  insufficient  power  of  sight, 
especially  if  it  is  not  congenital,  but  has  gradually  appeared.  But  it 
is  extremely  difficult  and  in  many  cases  impossible  to  convince  those 
of  their  defect  who  suffer  from  incorrect  vision  as  to  form  and  colour. 
They  never  become  conscious  of  it  themselves,  even  if  it  is  not  con- 
genital, and  the  most  enlightened  and  intelligent  among  them  remain 
incredulous,  or  become  even  angry  and  offended  when  told  of  it.  In- 
correct perception  of  form  may,  however,  easily  be  demonstrated.  If 
in  consequence  of  astigmatism  a  square  appears  oblong  to  anyone,  he 
can  measure  the  sides  with  a  compass ;  or,  what  is  more  simple  still, 
he  can  turn  it  so  that  the  horizontal  lines  are  changed  into  vertical 
ones,  and  vice  versd,  and  his  own  sight  will  convince  him  of  his  error. 
It  is  more  difficult  to  demonstrate  whether  a  person  sees  colours  cor- 
rectly or  not.  Such  glaring  mistakes  as  those  produced  by  colour- 
blindness can  be  easily  recognized,  but  faults  produced  by  a  diminished 
sensation  of  small  differences  in  the  shades  of  colour  can  only  be 
recognized  as  such  by  the  fact  that  the  majority  of  persons  with 
normal  vision  declare  them  to  be  &ults.  Such,  for  instance,  are  devi- 
ations produced  by  an  incorrect  perception  of  pigments,  which  in 
painting  makes  itself  felt  by  a  constantly  recurring  plus  or  minus  of  a 
single  colour  in  the  whole  picture.  Jt  may  also  show  itself  by  small 
fiftults  in  the  rendering  of  every  colour.  In  discussing  this  subject 
with  artists,  they  at  once  declare  these  anomalies  to  represent  a  school, 
a  taste,  a  manner,  which  may  be  arbitrarily  changed.  They  most  un- 
willingly concede  that  peculiarities  of  sight  have  anything  to  do  with 
it  It  seems  to  me  sometimes  as  if  they  considered  it  in  a  certain 
measure  a  degradation  of  their  art,  that  it  should  be  influenced  by  an 
organ  of  sense,  and  not  depend  entirely  upon  free  choice,  intelligence, 
imagination,  and  talent. 

Thus,  to  return  to  the  point  from  which  we  started,  if  a  painter 
whose  lens  becomes  yellower  begins  to.  paint  in  a  bluer  tone,  it  is  said 
that  he  has  changed  his  style.  The  painter  himself  vehemently  pro- 
tests against  this  opinion;  he  thinks  that  he  still  paints  in  his  old  style, 
and  that  he  has  only  improved  the  tone  of  his  colour.  His  earlier 
works  appear  to  him  too  brown.  To  convince  him  of  his  error  it 
would  be  necessary  to  remove  his  lens  suddenly.  Then  everything 
would  appear  to  him  too  blue,  and  his  paintings  far  too  blue. 
This  is  no  hypothesis,  but  a  fact.  Patients  on  whom  I  have  operated 
for  cataract,  very  often  spontaneously  declared,  immediately  after  the 
operation,  that  they  saw  everything  blue ;  in  these  cases  I  invariably 
fomid  their  crystalline  lens  to  be  of  an  intense  yellow  colour.  In 
pictures  painted  after  the  artists  were  considerably  over  sixty,  the 
effect  of  tiie  yellow  lens  xsan  often  be  studied.  To  me  their  pictures 
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have  so  characteristic  a  tone  of  colonr,  that  I  could  easily  point  them 
out  while  passing  through  a  picture-gallery.     As  a  striking  example 
I  will  only  mention  Mulready.     It  is  generally  stated  that  in  his 
advanced  age  he  painted  too  purple.     A  careful  examination  shows 
that  the  peculiarity  of  the  colours  of  his  later  pictures  is  produced  by 
an  addition  of  blue.     Thus,  for  instance,  the  shadows  on  the  flesh  are 
painted   in   pure  ultramarine.     Blue  drapery  he  painted  most  un- 
naturally blue.     Red  of  course  became  purple.     If  you  look  at  these 
pictures  through  a  yellow  glass,  all  these  faults  disappear :  what  for- 
merly appeared  unnatural  and  displeasing  is  at  once  corrected;  the 
violet  colour  of  the  face  shows  a  natural  red ;  the  blue  shades  become 
grey;  the  unnatural  glaring  blue  of  the  drapery  is  softened.     To 
make  the  correction  perfect,  the  glass  must  not  be  of  a  bright  gold 
colour,  but  rather  of  the  colour  of  pale  sherry.     It  must  be  gradually 
darkened  in  accordance  with  the  advancing  age  of  the  painter,  and 
will  then  correspond  exactly  with  the  colour  of  his  lens.     The  best 
proof  of  the  correctness  of  this  statement  is,  that  the  yellow  glass  not 
only  modifies  the  blue  in  Mulready's  pictures,  but  gives  truthfulness 
to  all  the  other  colours  he  employed.    To  make  the  proof  complete,  it 
would  be  necessary  to  show  that  by  the  aid  of  yellow  glass  we  saw 
Mulready's  pictures  as  he  saw  them  with  the  naked  eye ;  and  this  can 
be  proved.     It  happens  that  Mulready  has  painted  the  same  subject 
twice, — first  in  1836,  when  he  was  fifty  years  of  age  and  his  lens  was 
in  a  normal  state,  and  again,  in  1857,  when  he  was  seventy-one,  and 
the  yellow  discoloration  had  considerably  advanced.    The  first  picture 
was  called,  when  exhibited,  "  Brother  and  Sister;  or,  Pinching  the  Ear ;" 
the  second  was  called  "  The  Young  Brother."    In  both  pictures  a  girl, 
whose  back  only  is  visible,  is  carrying  a  little  child.      A  young 
peasant,  in  a  blue  smock-frock,  stands  *to  the  right  and  seizes  the 
ear  of  the  child.    The  background  is  formed  by  a  cloudy  sky  and  part 
of  a  tree.    Both  pictures  are  in  the  Kensington  Museum.    The  identity 
of  the  composition  makes  the  difiference  in  the  colouring  more  striking. 
If  we  look  at  the  second  picture  through  a  yellow  glass,  the  difierence 
between  the  two  almost  entirely  disappears,  as  the  glass  corrects  the 
faults  of  the  picture.     The  smock-frock  of  the  boy  no  longer  appears 
of  that  intense  blue  which  we  may  see  in  a  lady's  silk  dress,  but  never 
in  the  smock-frock  of  a  peasant.     It  changes  into  the  natural  tint 
which  we  find  in  the  first  picture.     The  purple  face  of  the  boy  also 
becomes  of  a  natural  colour.     The  shades  on  the  neck  of  the  girl  and 
the  arms  of  the  child,  whicli  are  painted  in  a  pure  blue,  look  now  grey, 
and  so  do  the  blue  shadows  in  the  clouds.    The  grey  trunk  of  the  tree 
becomes  brown.     Surprising  is  the  effect  upon  the  yellowish  green 
foliage,  which,  instead  of  apj)earing  still  more  yellow,  is  restored  to  its 
natural  colour,  and  shows  the  same  tone  of  colour  as  the  foliage  in  the 
earlier  picture.    This  last  fact  is  most  important  to  prove  the  correct- 
ness of  my  supposition.     My  endeavour  to  explain  it  became  the 
starting-point  of  a  series  of  investigations  to  ascertain  the  optical 
qualities  of  the  pigments  used  in  painting,  and  thus  to  enable  us  to 
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rccognizo  them  by  optical  contriyances,  when  the  yision  of  the  naked 
eye  does  not  suffice  to  analyze  the  colours  of  a  picture. 

When  I  had  the  pleasure  of  showing  this  experiment  with 
Mulready's  pictures  to  Professor  Tyndall,  he  drew  my  attention  to  the 
fact  that  one  single  colour,  namely,  the  blue  of  the  sky,  was  not 
affected  by  the  yellow  glass.  The  blue  of  the  sky  was  almost  the  same 
in  both  pictures.  I  could  not  at  once  explain  the  cause  of  this,  but  I 
discovered  it  afterwards.  The  fact  is,  it  is  impossible  to  change  the 
sky-blue  of  the  first  picture  so  as  to  form  a  colour  that  looks  like  it 
when  seen  through  a  yellow  glass.  If  more  white  is  added,  the  sky 
becomes  too  pale;  if  a  deeper  blue  is  used,  it  becomes  too  dark. 
Mulready  was  thus  forced  to  content  himself  by  giving  to  the  sky  in 
his  later  pictures  the  same  colour  as  in  the  earlier  ones. 

If  we  look  at  Mulready*s  earlier  works  through  the  same  yellow 
glass,  they  lose  considerably  in  beauty  of  colouring :  the  tone  appears 
too  weak ;  the  shadows  brown ;  the  green,  dark  and  colourless ;  we  see 
them  as  he  saw  them,  and  understand  why  he  became  dissatisfied  with 
them  and  changed  his  colouring. 

It  would  be  more  important  to  correct  the  abnormal  vision  of  the 
artist,  than  to  make  a  normal  eye  see  as  the  artist  saw  when  his  sight 
had  suffered.  This  unfortunately  can  only  be  done  to  a  certain 
extent. 

If  it  is  the  dispersion  of  light  which,  as  in  Turner's  case,  alters  the 
perception  of  nature,  it  can  be  partly  rectified  by  a  kind  of  diaphragm 
with  a  small  opening  (Bonders*  sthenopeical  spectacles). 

In  cases  of  astigmatism,  the  use  of  cylindrical  glasses  will  com- 
pletely correct  the  aspect  of  nature,  as  well  as  of  the  picture.  Certain 
anomalies  in  the  sensation  of  colour  may  also  be  counteracted  to  some 
extent  by  the  use  of  coloured  glasses ;  for  instance,  by  a  blue  glass, 
when  the  lens  has  become  yellow,  as  in  Mulrcady's  case. 

If  science  aims  at  proving  that  certain  works  of  art  ofifend  against 
physiological  laws,  artists  and  art-critics  ought  not  to  think  that  by 
being  subjected  to  the  material  analysis  of  physiological  investigation, 
that  which  is  noble,  beautiful,  and  purely  intellectual  will  be  dragged 
into  the  dust.  They  ought,  on  the  contrary,  to  make  the  results  of 
these  investigations  their  own.  In  this  way  art-critics  wiU  often 
obtain  an  explanation  of  the  development  of  the  artist,  while  artists 
will  avoid  the  inward  struggles  and  disappointments  which  often  arise 
through  the  difference  between  their  own  perceptions  and  those  of  the 
majority  of  the  public.  Never  will  science  be  an  impediment  to  the 
creations  of  genius. 

[B.  L.J 
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WEEKLY  EVENING  MEETING, 

Friday,  Maroh  15, 1872. 

Bib  Hsnbt  Holland,  Bart.  M.D.  D.C X.  F.ILS.  President, 

in  the  Chair. 

John  Evans,  Esq.  F.RS.  F.SA.  &c 

On  the  Alphabet  and  its  Origin, 

Thb  subject  of  the  Alphabet  and  its  Origin  is  one  which  has  attracted 
the  attention  of  many  observers,  and  must  indeed  at  some  time  or 
other  have  forced  itself  on  the  consideration  of  nearly  all  thoughtful 
minds. 

What  is  the  meaning  of  those  six-and-twenty  symbols  which  serve 
to  render  our  language  visible  ?  Why  have  they  assumed  the  forms 
in  which  we  now  £bad  them  ?  and  whence  have  they  been  derived  to 
us  ?  These  are  questions  which  most  of  us  must  have  asked,  and 
many  of  us  may  have  attempted  to  answer. 

Gesenius,  de  Yogii^,  and  Lenormant  on  the  Continent ;  Professor 
Hewitt  Key,  Professor  Rawliuson,  and  Mr.  E.  B.  Tylor  in  England, 
as  well  as  others,  have  done  much  to  throw  light  on  this  field  of 
research,  and  have  left  but  little  room  for  after-comers  to  add  to  tho 
stock  of  information  on  the  subject. 

The  questions  connected  with  it  appear  to  divide  themselves  under 
three  heads : — 

1.  As  to  the  origin  of  writing  and  the  method  of  its  development 
in  different  parts  of  the  globe. 

2.  As  to  the  original  Alphabet  from  which  that  in  common  use 
amongst  us  was  derived :  and 

3.  As  to  the  history  and  development  of  that  original  Alphabet. 

The  art  of  writing  is  that  by  which,  as  Bacon  says, "  the  images 
of  men's  minds  remain  in  books  for  ever,  exempt  from  the  injuries  of 
time,  because  capable  of  perpetual  renovation."  It  is  that  by  which 
human  knowledge  has  become  cumulative,  so  that  the  stores  acquired 
during  one  generation  are  handed  down  to  those  which  succeed ;  and 
is  indeed  one  of  the  most  important  characteristics  which  distinguish 
civilized  from  savage  races  of  man. 

So  mysterious  does  this  power  of  conveying  information  to  others, 
however  remote,  appear  to  savages,  that  they  regard  written  documents 
as  possessed  of  powers  no  less  than  magical,  and  have  been  known  to 


1872.]  on  the  Alphabet  and  tfo  Origin.  465 

hidjd  them  at  the  time  of  oommittmg  a  misdeed  which  thej  feared 
might  be  discovered  by  their  means.  Yet  many  of  those  in  the  lower 
stages  of  civilization  have  some  ideas  as  to  pictorial  records. 

The  cave-d^^llers  of  the  south  of  France  at  a  time  when  the  use 
of  metals  was  unknown,  and  when  reindeer  formed  one  of  the  princi- 
pal articles  of  food  in  that  part  of  the  world,  possessed  considerable 
powers  of  drawing  and  of  sculpture.  On  some  of  their  bone  instru- 
ments figures  of  animals  are  engraved,  which  possibly  may  to  the 
original  owners  have  conveyed  some  reminiscences  of  scenes  they  had 
witnessed  when  hunting.  Among  the  Esquimaux  such  records  are 
frequently  carved  on  their  weapons,  and  the  taking  of  seals  and  the 
harpooning  of  whales  are  often  depicted.  Gapt.  Beechey  says  that 
ho  could  gather  from  these  representations  a  better  insight  into  the 
habits  of  the  people  than  could  be  obtained  from  any  signs  or  other 
intimations. 

Among  the  North  American  Indians  the  system  of  picture  writing 
has  been  more  fully  developed,  and  numerous  instances  are  recorded 
in  Schoolcraft's  'Indian  Tribes.'  A  census  roll  of  1849  gives  the 
details  of  34  families  comprising  108  souls,  by  means  of  symbols  for 
the  names  of  families,  such  as  Catfish,  Beaverskin,  <&c.,  with  marks 
below  showing  the  number  of  individuals  in  each.  Beoords  of  the 
events  of  a  deceased  warrior's  life  are  often  given  on  his  tombstone 
in  much  the  same  manner.  The  totem  of  his  tribe,  such  as  the  Bein- 
deer  or  the  Crane,  is  reversed  to  show  that  he  is  dead ;  there  are  marks 
recording  his  war  parties  and  wounds,  the  number  of  enemies  he  has 
killed,  or  the  eagles'  feathers  he  has  received  for  bravery.  Even  love 
and  war  songs  are  symbolized  by  a  kind  of  pictorial  memaria  technica^ 
and  the  record  of  a  night's  encampment  with  details  of  a  party  of 
sixteen,  how  they  had  supped,  and  what  they  had  for  supper,  has  been 
depicted  on  a  sinall  scrap  of  birch-bark.  * 

In  Mexico,  the  art  of  pictorial  representation  had  at  the  time  of 
the  Conquest  been  carried  to  great  perfection.  The  bulk  of  the 
pictures,  however,  merely  represent  wars,  migrations,  fiEunines,  and 
scenes  of  domestic  life.  They  were,  moreover,  able  to  record  dates  by 
means  of  an  ingeniously-devised  cycle,  and  had  some  idea  of  attach- 
ing a  phonetic  value  to  their  symbols.  Thus  the  name  of  Itz-ooatl^ 
the  fourth  king  of  Mexico,  is  found  represented  by  a  snake  with  knives 
of  obsidian  isouing  from  its  back — the  reason  being,  that  the  word 
Itzli  meant  knives  of  obsidian,  and  Coatl  meant  snake.  The  same 
name  was  also  symbolized  by  the  representation  of  a  knife,  a  pot  and 
water,  which  shows  an  approach  to  a  syllabic  system  of  symbols* 
For  the  names  of  the  objects,  if  given  at  length,  would  form  Itzli* 
Comitl-Atl,  so  that  the  pot— Comitl — would  appear  in  composition 
merely  to  have  represented  Co — .  At  a  somewhat  later  date,  we  find 
the  words  Pater  Noster  represented  by  a  flag,  a  stone,  a  prickly  pear,  and 
a  stone.  Pantli  being  a  flag,  Tetl  a  stone,  and  Nochtli  a  prickly  pear. 
Hero  also  the  first  and  thiid  symbols  appear  in  composition  to  have 
been  monosyllabic,  and  the  Aztec  vorsian  of  the  Latin  seems  to  have 
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been  Pan-tetl  Noch-tetl.  What  might  have  been  the  resnlts  of  the 
development  of  such  a  system,  we  shall  never  know,  as  it  was  brought 
to  a  close  by  intercourse  with  Europeans. 

In  Peru,  though  some  sort  of  hieroglyphic  writing  appears  to  have 
been  known,  the  chief  substitute  for  writing  was  the  Quipu  or  knotted 
cord.  This  consisted  of  a  main  cord  with  strings  of  different  colours 
and  lengths  attached.  The  colour,  the  mode  of  making  the  loops, 
knots,  or  tufts,  their  distance  from  the  main  cord  or  from  each  other, 
had  all  of  them  their  meaning.  Each  Quipu  had  its  own  keeper  or 
interpreter,  and  by  their  means  all  public  accounts  were  kept.  The 
Wampum  in  NorUi  America  was  of  somewhat  similar  character,  and 
in  Polynesia  also  the  same  sort  of  Quipu  is  in  use.  One  kept  by  the 
principal  tax-gatherer  in  Hawaii,  is  a  knot  of  cord  of  400  or  500  fathoms 
in  length,  subdivided  again  and  again  for  the  different  districts  and 
fiunilios. 

There  is  a  tradition  among  the  Chinese  of  a  similar  system  of 
recording  events  by  means  of  a  knotted  cord  having  been  in  use  among 
them  previous  to  the  invention  of  writing.  The  Chinese  system  of 
writing,  though  feur  superior  to  that  of  the  Mexicans,  is  still  not 
alphabetical  but  syllabic.  At  the  outset,  the  characters  seem  to  have 
been  pictorial,  but  the  representations  of  the  objects  have  now  become 
so  much  conventionalized  and  changed,  partly  in  consequence  of  the 
method  of  writing  by  moans  of  a  brush,  that  there  is  much  difficulty 
in  recognizing  them.  In  the  characters  representing  the  words  Sun 
or  Day,  Moon,  Door,  Carriage,  Boy,  the  original  pictorial  origin  is 
ovidont,  as  indeed  it  is  in  several  other  instances. 

In  some  cases  compound  characters  are  formed  by  the  junction  of 
others  of  a  simple  kind.  The  Sun  and  Moon  together  represent  the 
word  Ming,  bright  or  clear ;  Water  and  Eye  together  symbolize  tears. 

With  a  monosyllabic  language,  the  words  of  which  are  of  necessity 
limited  in  number,  one  sound  has  often  to  represent  more  than  one 
sense,  and  the  Chinese  characters  have  therefore  been  divided  into 
phonetics  or  radicals — those  which  give  the  sound, — ^and  the  classifica- 
tory  or  determinatives,  or  those  which  give  the  sense. 

Thus  the  sign  for  a  door  with  the  determinative  an  ear,  means  to 
listen  ;  with  that  of  a  corpse  or  of  the  heart,  means  sorrow,  &c. 

The  Egyptian  hieroglyphics  present  much  analogy  in  character 
with  the  Chinese  method  of  writing.  In  their  earliest  form  they  seem 
to  have  been  principally  pictorial,  though  also  at  the  same  time 
symbolic.  We  find,  for  instance,  that  the  representation  of  the  vault  of 
heaven,  with  a  star  suspended  from  it,  typifies  darkness  or  night ;  that  the 
arms  of  a  man  holding  a  spear  and  shield  are  the  symbol  of  to  fight,  and 
that  thirst  is  typified  by  a  calf  running.  The  next  stage  would  appear 
to  have  been  syllabic,  when  a  certain  sign  represented  a  syllable,  though 
often  with  a  second  more  truly  literal  sign  affixed,  denoting  the  final 
consonant  of  the  syllable.  To  prevent  mistakes,  the  signs  representing 
words  were  often  accompanied  by  other  signs,  which  were  merely 
determinative  of  the  meaning.      Thus  throe  horizontal  zigzag  lines 
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representing  water,  showed  that  the  previous  symbol  designated  some- 
thing connected  with  liquids — or  two  legs  walking,  that  &e  word  bore 
reference  tq  locomotion.  Many  hieroglyphics,  however,  appear  to  be 
purely  literal,  though  in  the  case  of  consonants  often  having  some 
vowel-sound  implied.  These  literal  hieroglyphics  stand  for  the  initial 
letters  of  the  objects  or  ideas  they  represent.  For  instance,  a  goose 
flying  is  the  equivalent  of  P,  the  initiflJ  of  Pot,  to  fly ;  an  owl  stands 
for  M,  the  first  letter  of  Jtftja^,  the  Egyptian  name  of  the  bird. 

The  more  careful  pictorial  representations  of  the  objects  such  as  are 
to  be  seen  in  sculptured  hieroglyphics  and  in  formal  inscriptions, 
required,  however,  too  much  time  for  their  execution  to  be  adopted  as 
an  ordinary  means  of  writing.  In  consequence,  the  signs  became 
conventionalized,  and  the  salient  characteristics  of  the  object  were 
seized  on  for  the  more  cursive  form  of- writing  known  as  lihe  hieratic. 
From  this  again  was  derived  the  writing  known  as  demotic,  in  which 
many  of  the  symbols  have  become  so  much  changed  and  simplified, 
that  it  is  with  difficulty  that  they  can  be  identified  as  descendants  of 
originally  pictorial  forms. 

A  modified  form  of  hieroglyphic  writing  is  still  in  use  among  us, 
more  especially  in  connection  with  the  science  of  astronomy;  and  the 
conventional  forms  which  now  represent  the  signs  of  the  Zodiac  are 
very  instructive  as  to  the  amount  of  modification  such  symbols  are 
liable  to  undergo. 

In  Aries  (cyo)  and  Taurus  (  U  )  the  heads  of  the  ram  and  the  bull 
may  still  be  recognized.  Gemmi  is  represented  by  the  twin  straight 
lines,  n ;  Cancer  by  its  claws,  ss  ;  and  Leo  by  its  head  and  tail,  Sl» 
In  the  symbol  for  Virgo  there  appears  to  have  been  some  conftision 
between  Astrsea  and  the  Virgin  Mary,  the  sign  being  symbolized  by 
the  letters  mb  if|?.  The  scales  of  Libra,  the  sting  of  Scorpio,  and  the 
arrow  of  Sagittarius,  can  still  be  traced  in  the  symbols,  :£>s,  Ttl*  /  • 
The  twisted  tail  of  Capricomus  survives  in  VJ,  and  Aquarius  is 
represented  by  two  wavy  lines  of  water,  fXH-  The  remaining  sign  of 
Pisces  has  been  much  metamorphosed,  but  the  two  fishes,  back  to  back, 
with  head  and  tail  alternating,  can  readily  be  reconstructed  from  the 
symbol  •)-(. 

The  gradual  simplification  of  form  exhibited  in  these  signs,  and  in 
the  Chinese  and  hieratic  systems  of  writing,  must  be  borne  in  mind 
when  studying  the  development  of  other  systems. 

With  regard  to  the  origin  of  the  alphabet  in  common  use  in 
Europe  there  can  be  no  doubt ;  the  testimony  of  classical  historians, 
as  well  as  that  of  the  letters  themselves,  being  conclusive  as  to  its 
Phoenician  source.  The  Greek  myth  of  letters  having  been  introduced 
by  Cadmus  the  Phcenician,  seems  simply  to  embody  this  truth,  for 
there  is  much  probability  in  the  view  which  connects  the  name  of 
Cadmus  with  the  Semitic  word  Eedem,  the  East. 

At  what  date  letters  were  first  in  use  in  Greece  is  by  no  means 
certain,  but  Grote  thought  that  they  were  absolutely  unknown  in  the 
days  of  Homer  and  Hesiod  (B.a  850-776).      It*  seems,  however. 
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probable  that  they  were  introdnoed  at  a  somewhat  earlier  date.  If  the 
date  which  has  been  assigned  to  the  f&mons  "Moabite  stone,"  of  about 
900  B.C.,  be  correct,  the  correspondence  in  form  between  tiie  archaic 
Greek  letters  and  those  on  the  stone  raises  a  strong  presumption  in 
favour  of  letters  having  been  imported  into  Greece  at  the  time  when 
the  PhcBuician  alphabet  was  in  that  stage  of  development  in  which  it 
occurs  on  the  stone. 

Even  the  name  of  the  alphabet  preserves  the  memory  of  its 
Phoenician  origin,  for  Alpha  and  Beta,  the  names  of  the  two  letters 
from  which  the  word  is  derived,  are  not  really  Greek,  but  merely  the 
Hellenized  forms  of  the  Phoenician  Aleph  and  Beth.  The  same  is  the 
case  with  the  names  of  all  the  other  Greek  letters  down  to  Tau;  the 
last  five  letters,  T,  4>,  X,  ^,  O,  being  of  later  introduction. 

The  correspondence  in  form  between  the  Boman,  the  Greek,  and 
the  early  Phoenician  alphabet,  as  given  on  the  Moabite  stone,  can 
readily  be  traced.  It  must,  however,  be  remembered  that  the  letters  of 
the  latter  are  written  from  right  to  left,  or  in  the  same  manner  as 
Hebrew,  and  not,  as  is  the  case  with  us,  from  left  to  right.  In  the 
early  Greek  inscriptions  it  appears  to  have  been  a  matter  of  indif- 
ference in  which  direction  the  letters  were  placed.  In  some  the  lines 
are  alternately  in  either  direction,  and  this  form  of  writing  was  known 
as  Boustrophcdon,  or  that  which  turned  backwards  and  forwards  like 
an  ox  in  ploughing. 

In  tracing  the  correspondence  between  the  Boman,  Greek,  and 
Phoenician  alphabets,  but  little  need  be  said  with  regard  to  most  of 
the  letters. 

A. — Alpha,  or  Aleph,  was  at  the  outset,  like  most  of  the  letters 
which  have  now  become  vowels,  rather  a  representative  of  a  vowel- 
sound  than  of  an  absolute  vowel. 

B — Beta,  or  Beth,  has  to  a  great  extent  preserved  its  sound, 
though  originally  softer  and  more  like  V. 

C. — Gamma,  or  Gimel,  affords  an  illustration  of  change  in  the 
power  of  a  symbol,  the  Greek  r  having  become  the  Latin  C.  There 
are  indeed  several  words  which  until  a  comparatively  late  date  were 
written  indifferently  with  a  C  or  a  G,  as  Caius  and  Gains;  Cneius  and 
Gnoius. 

D. — Delta,  or  Daleth,  requires  no  comment. 

E. — Epsilon,  or  Ho,  was  originally  an  aspirate,  but,  like  some 
other  aspirates  to  which  probably  some  vowelnsound  was  as  it  were 
attached,  it  gradually  softened  into  a  vowel. 

F,  or  Vaa  This  letter  has  dropped  out  of  the  Greek  alphabet, 
but  is  found  on  coins  and  early  inscriptions  as  the  Ban  or  Digamma, 
and  as  the  representative  of  the  numeral  6. 

G. — Zeta,  or  Zain.  It  may  seem  strange  that  the  Greek  Z  is  re- 
presented by  the  Latin  G,  a  letter  which  is  said  to  have  been  introduced 
by  Carbilius.  The  sound,  however,  of  the  Greek  Z  appears  to  have 
been  somewhat  like  Ds,  which  readily  slides  into  a  soft  G.  One  form 
of  the  Greek  Zeta,  C  corresponds  closely  with  an  early  form  of  G. 
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H. — Eta  or  Gheth  affords  another  instance  of  an  aspirate  beooming 
a  Towel  in  Greek,  though  it  retains  its  aspirate  character  in  Latin,  as 
indeed  it  did  in  some  early  Greek  inscriptions. 

— Theta  or  Teth  has  disappeared  in  the  Latin,  thongh  it  was  re- 
tained in  the  Etruscan  alphabet,  and  moreover  is  found  as  a  barred  D  B 
on  ancient  British  and^Gaulish  coins,  and  reappears  in  Saxon  as  B; 

I.  J. — Iota  or  Jod.  This  letter,  from  the  name  of  which  our  word 
jot  is  derived,  though  originally  as  large  as  any  of  the  other  letters, 
becomes  the  smallest  in  some  alphabets,  such  as  those  in  use  on 
Cilician  coins  of  the  fourth  century,  b.o.,  and  on  eteUs  and  papyri 
from  Egypt  of  the  first  three  centuries  b.o.  It  was  about  that  time 
that  the  square  characters  in  which  Hebrew  is  now  written  were 
gradually  being  developed  from  the  older  forms  of  letters. 

K. — Kappa  or  Caph.  In  Latin  words  this  letter  only  occurs  joined 
with  A,  as  iH  possibly  the  original  form  had  been  syllabic.  In  the 
same  manner  Q  occurs  only  with  U. 

Xi. — Lambda  or  Lamed. 

M. — Mu  or  Mem. 

N*. — Nu  or  Nun,  requires  no  comment.  It  has  been  supposed  by 
some  that  the  word  elementa,  occasionally  applied  as  the  Latin  name 
for  letters,  was  compounded  from  these  LJtl.N.  Such  a  derivation  is, 
however,  by  no  means  certain. 

— Xi  or  Samech.  This  letter  is  unknown  in  the  Latin  alphabet. 
The  correspondence  in  form  of  the  early  Greek  H  and  the  Samech  of 
the  l^Ioabite  stone  shows  their  identity);  though  Gresenius  (bought  that 
the  Greek  Sigma  was  derived  from  the  Samech,  and  that  when  the 
Sigma  coalesced  with  the  Doric  San — the  equivalent  of  Shin,  H  was 
put  in  the  vacant  place. 

O. — Omicron  or  Ain,  like  some  other  vowels,  was  originally  an 
aspirate,  or  rather  a  strong  guttural. 

P. — Pi  or  Pe  are  the  same  letter,  though  the  second  stroke  of  II 
was  lengthened  to  distinguish  it  from  F  and  P. 

— Tsade  appears  never  to  have  come  over  into  the  Greek  or  Latin 
alphabets. 

Q.— Eoppa  or  Koph  has  become  obsolete  in  Greek,  though  found 
on  coins  and  in  inscriptions,  and  retained  as  the  numeral  for  90. 

R. — Rho  or  Besh  has  in  Greek  retained  the  form  of  P,  from  which 
in  Latin  it  was  necessary  to  distinguish  it  by  a  taiL  The  same 
necessity  did  not  exist  in  Greek,  where  the  Latin  P  is  represented 
by  n. 

S. — Sigma  or  Shin.  This  letter  has  in  Latin  entirely  lost  its 
angularity,  while  in  Greek  the  X  was  placed  vertically  instead  of 
horizon tidly,  as  in  the  Phcenician,  on  account  of  its  resemblance  to  M. 

T. — Tau  or  Tau.  With  this  letter  the  original  alphabet  terminates. 

The  other  letters  of  our  alphabet  are  in  some  cases,  like  X,  almost 
superfluous,  in  others,  like  U  and  Y,  different  forms  of  the  same  Greek 
letter ;  and  in  the  case  of  Z,  an  old  form  reintroduced  with  a  fresh  value. 

As  to  the  original  identity  of  the  three  alphabets  which  have  been 
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discussed,  there  can  be  no  doubt;  neither  can  any  exist  as  to  the 
order  in  which  the  letters  were  originally  arranged.  For  in  the 
Hebrew  Scriptures,  the  language  of  which  may  practically  be  regarded 
as  the  same  as  the  Phoenician,  there  are  several  instances  in  which 
a  succession  of  passages,  each  commencing  with  a  different  letter  of 
the  alphabet,  present  them  in  this  order.  A  well-known  example  is 
afforded  by  the  119th  Psalm,  each  of  the  twenty-two  sections  of  which 
commences  with  a  different  letter,  the  name  of  which  forms  the  head- 
ing to  each  in  the  Euglish  version  of  the  Bible. 

When,  however,  we  come  to  consider  the  history  and  development 
of  the  Phoenician  ijphabet,  we  are  no  longer  upon  so  sure  a  footing. 
The  manner  in  which  some  other  forms  of  writing,  such  as  the 
Chinese  and  the  Egyptian  hieratic  were  developed,  will  have  prepared 
ns  for  the  probability  of  the  Phoenician  alphabet  having  also  been 
evolved  from  a  pictorial  source,  and  for  finding  in  it  a  similar  history 
to  that  recorded  in  the  nursery  rhyme — 

A  was  an  Archer  and  shot  at  a  &og, 
B  was  a  Butcher  and  liad  a  big  dog. 

It  is  a  by  no  means  unimportant  fact  in  reference  to  this  view,  that 
the  names  of  the  Phoenician  or  Hebrew  letters  ai-e  not  arbitrary,  but 
each  significant  of  some  object;  though  the  meaning  of  the  names 
cannot  in  all  cases  bo  recognized  with  absolute  certainty.  For  instance, 
Aloph,  Beth,  Gimel,  and  Daleth,  mean  Ox,  House,  Camel,  Door, -and  if 
we  find  that  these  and  the  succeeding  letters,  when  in  their  most 
primitive  forms  (so  far  as  known)  present  similarities  with  the  whole 
or  a  portion  of  the  objects  by  the  names  of  which  they  are  distinguished, 
there  is  a  strong  probability  of  a  pictorial  origin  for  the  letters. 

Taking  the  forms  of  the  letters,  as  given  on  the  Moabite  stone,  in 
conjunction  with  the  meaning  of  their  names,  such  a  similarity  can  in 
all  cases  be  traced,  though  more  certainly  intentional  in  some  letters 
than  in  others.     This  will  be  best  shown  in  a  tabular  form.  * 


2>^  Aleph .   '  An  ox 


2  Beth.. 

^    Gimel 
f   Daleth 
n  He     .. 

^  Vru  .. 
f  Zain  .. 
n  Clieth 


A  house,  or  possibly 
a  tent. 

A  camel 

A  door     

A  lattice  or  window 

A  peg  or  nail  . . 

A  weapon 

An  enclosure,  or  field 


Tlie  head  of  an  ox. —That  this  letter  was 
known  to  embody  this  symboj  is  recorded  by 
Hesychius  about  a.d.  380.  The  correspond- 
ence of  a  Bmall  a  or  a  with  the  sign  for 
Taurus  when  placed  horizontally  is  worth 
notice,  QC. 

A  hou^Cf  showing  one  vsaU  and  the  ridged 
roof. 

Tlie  head  and  neck  of  a  camel. 

The  triangular  door  of  a  lent. 

A  hitlcei — The  mciinin";  of  the  name  of 
this  letter  is  somewhat  doubtful. 

A  peg. 

An  arm  holding  a  spear  f 

An  enclosure. — Much  like  the  Chinese 
figure  for  tlie  same  mcnniug. 


*  The  letters  arc  here  given  in  the  ordinary  Hebrew  character  iustcad  of  the 
older  form. 
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O  Teth.. 
^    Jod    .. 

3  Caph.. 
7  Lamed 
J2  Mem . . 


^   Nun  .. 
D  Sfimech 


y  Ain  .. 
9  Pe 

^  Tsade 

p  Koph 

■1  Besh.. 
^  Shin  . . 
Jl  Tau  .. 


A  serpent 
The  hand 


The   pahn    of    the 

hand. 
An  ox-goad 

Water      


A  fish 
A  support 


The  eye  . . 
The  mouth 

A  reaping  hook 


The    hack 

head? 
The  head 
A  tooth    .. 
A  mark    .. 


of    the 


A  coiled  9nake. — This  letter  does  not  occur 
on  the  Moabite  stone. 

TJie  liand  and  wrid  in  profile,  similar  to 
what  may  be  seen  on  some  early  Hindu 
coins. 

An  open  hand,  as  in  some  drawings  of  the 
North  American  Indians. 

An  ox-goad  ? — The  meaning  of  the  name 
somewhat  doubtful. 

A  wavy  line. — Like  the  representation  of 
water  on  early  coins  and  sculpture;  and  as  in 
the  sign  Aquarius  ^ . 

The  headf  giU,  and  Uick  of  a  fish, 

A  kind  of  prop  supporting  a  trellis  ^or  vines, 
— Mr.  Hensfeign  Wedgwood  has  pointed  out 
the  similarity  of  this  Tetter  to  the  figure  of 
a  sculptor^s  bench  or  easel  in  Egyptian 
pictures. 

The  pupU  of  the  eye^  as  in  Eg^tian 
hieratics. 

The  tieo  lips  open  at  an  angle,  much  like 
the  mouth  as  represented  on  some  ancient 
British  coins. 

A  reaping  hook  or  scythe  aitaehed  to  its 
handle. 

The  head  and  neck  f 

The  head  in  profile. 
A  tricuspid  tooth. 

A  cross,  like  the  mark  still  made  by  those 
who  cannot  write. 


This  correspondence  in  form  can  hardly  be  appreciated  without 
diagrams,  but  in  many  instances  is  striking,  and  in  none  absolutely 
forced.  There  have,  however,  been  numerous  objections  raised  to  su<m 
a  view  of  the  derivation  of  the  forms  of  the  Phoenician  letters. 

Lenormant  and  de  Rouge  would  rather  trace  them  to  Egyptian 
hieratic  characters,  but  the  resemblances  they  point  out  between  them 
are  but  slight,  and  in  no  instance  does  the  Phoenician  name  of  the 
letter  agree  with  that  of  the  object  represented  by  the  Egyptian 
hieratic.  Moreover  the  resemblances,  when  traced,  are  rather  with 
later  forms  of  Phoenician  letters  than  with  those  on  the  Moabite  stone. 

Mr.  E.  B.  Tylor  also  considers  that  the  theory  maintained  by 
Gesenius  of  the  Phoenician  letters  being  pictorial,  can  be  shown  to  be 
unsafe.  He  tbinks  the  resemblances  between  the  letters  and  the 
objects  to  be  but  small,  and  the  bond  which  attaches  the  name  to  the 
letter  to  be  but  slight;  that  the  coincidences  are  not  primary  and 
essential,  but  secondary  and  superficial.  In  support  of  this  view  ho 
instances  the  old  Slavonic  alphabet,  and  the  Runic  Futhorc,  in  which 
the  letters  bave  names  unlike  those  of  our  alphabet,  but  each  with  a 
meaning — the  initials  of  the  names  giving  the  power  of  the  letters. 
Ho  suggests  that  in  a  similar  manner  Hebrew  words  may  have  boon 


472  Mr.  John  Evans  [Maich  15, 

choBen  as  names  for  letters  derived  from  some  extraneons  source,  such 
names  having  the  proper  initial  letter,  and  also  some  suitability  to 
describe  its  dbape— the  same  as  if  in  English  we  called 

A — Arch  or  Arrowhead. 

B — Bow  or  Butterfly. 

C — Curve  or  Crescent. 

This,  however,  is  contrary  to  all  analogy  among  methods  of  writ- 
ing of  which  we  know  the  development,  and  moreover,  several  of  the 
names  of  the  Hebrew  letters  are  not  actual  words  in  common  use  in 
the  Hebrew  writings,  but  words  which  have  become  obsolete,  and  of 
which  in  one  or  two  cases  it  is  hard  to  recover  the  meaning.  The 
letters,  moreover,  cannot  originally  have  been  mere  arbitrary  signs,  or 
there  would  have  been  greater  distinctions  between  some  of  them, 
such  as  it  was  subsequently  found  desirable  to  introduce. 

If  too,  the  Phonician  letters  came  from  an  extraneous  source,  we 
may  well  ask  where  it  was,  and  how  does  it  happen  that  no  traces  of 
the  original  names  of  the  letters  have  been  preserved.  In  the  Greek 
alphabet,  which  is  undoubtedly  derivative,  the  names  of  the  letters 
would  alone  suffice  to  show  the  source  from  which  it  came ;  and  the 
case  of  the  Bunic  alphabet,  derived  from  the  same  source,  though  with 
the  letters  rearranged  and  with  new  names  given  at  a  comparatively 
recent  date,  soems  hardly  to  apply.  The  Bunic  names,  moreover, 
exhibit  no  attempt  to  denote  the  forms  of  the  letters,  to  which  they 
are  as  inapplicable  as  the  names  in  one  of  the  Irish  alphabets,  in 
w^ch  each  letter  is  called  by  the  name  of  some  tree. 

It  seems,  on  the  contrary,  far  more  probable  that  the  Phoenicians, 
possibly  in  the  first  instance  borrowing  the  idea  from  the  Egyptians, 
struck  out  for  themselves  a  more  purely  literal  and  therefore  a  more 
simple  and  useful  alphabet.  A  classification  of  sounds  once  established, 
and  a  system  of  syllabic  symbols  once  invented,  the  transition  to  a 
pure  literal  alphabet  is  comparatively  easy,  especially  when  once  the 
syllabic  symbols  have,  from  the  introduction  of  foreign  words  or  from 
other  causes,  been  employed  for  the  initial  sound  only  of  the  syllables 
they  represent. 

Such  a  change,  involving  a  departure  from  old  practice,  might 
perhaps  more  readily  take  place  in  an  adjacent  country  to  that  in 
which  the  syllabic  system  prevailed,  than  in  the  country  itself;  and 
we  may  readily  conceive  a  practical  people  like  the  Phoenicians  im- 
porting from  Egypt  a  system  of  pictorial  writing  thus  modified. 

Certainly  their  alphabet,  unlike  the  letters  of  the  later  class  of 
Egyptian  hieroglyphics,  does  not  appear  to  consist  of  merely  a  few 
survivors  from  a  whole  army  of  symbols.  On  the  contrary,  it  seems 
to  present  some  traces  of  arrangement ;  for  the  objects  representing 
the  letters  appear  to  be  grouped  in  pairs,  each  comprising  two  objects 
in  some  manner  associated  with  each  other;  and  between  each  pair 
is  inserted  a  third  letter,  represented  by  an  object  not  so  immediately 
connected  with  those  preceding  it,  but  still  not  absolutely  alien  from 
them. 
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Thus  the  ox  and  the  honse  are  followed  by  the  camel — an  animal, 
by  the  way,  not  represented  in  Egyptian  hieroglyphics.  The  door 
and  the  window  are  followed  by  the  peg ;  the  weapon  and  enclosure 
by  the  serpent ;  the  hand  and  Uie  palm  by  the  ox-goad ;  the  water  and 
the  fish  by  the  support ;  the  eye  and  the  mouth  by  the  reaping-hook ; 
the  head  and  the  back  of  the  head  by  the  tooth ;  and  the  alphabet 
concludes  with  the  final  mark,  x  • 

It  would  be  superfluous  to  attempt  to  point  out  the  bearings  of 
this  question  of  the  origin  and  development  of  the  Phoenician  alphabet 
on  the  history  of  civilization  in  Europe  and  Western  Asia. 

Future  discoveries  may  possibly  bring  us  nearer  the  cradle  of  this 
alphabet,  but  it  seems  probable  that  on  ihe  Moabite  stone  we  find  the 
letters  still  retaining  enough  of  their  original  pictorial  character  to 
justify  a  belief  that  they  there  occur  in  a  comparatively  early  stage,  and 
not  removed  by  many  centuries  from  the  time  when  they  were  merely 
delineations  of  the  objects,  the  names  of  which  they  have  preserved. 
Assuming  this  to  have  been  the  case,  what  is  the  stage  of  culture  to 
which  the  inventors  of  this  alphabet  appear  to  have  attained  ? 

They  were  not  mere  nomads  or  hunters,  but  a  people  with  fixed 
dwellings  for  themselves  and  enclosures  for  their  cattle.  They  were 
acquainted  with  agriculture,  and  had  domesticated  animals,  and 
employed  the  ox  as  a  beast  of  draught  to  cultivate  fields,  the  produce 
of  which  they  reaped  with  metallic  sickles.  In  fact,  their  civilization 
would  seem  to  have  been  at  least  equal  to  that  of  the  bronze-using 
people  of  the  Swiss  lake-dwellings. 

[J.  E.] 


WEEKLY  EVENING  MEETING, 

Friday,  March  22, 1872. 

Sib  Hxnbt  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  President, 

in  the  Chair. 

J.  NoBMAN  LooKYBB,  Esq.  F.B.S.  MJR.I. 

On  the  Besidtn  of  the  latest  Edipse-Expedition. 

[Abstract  deferred.] 
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GENEKAL  MONTHLY  MEETING, 
Monday,  April  1,  1872. 

Sir  Hknbt  Holland,  Bart.  M.D.  D.C.L.  PreBident,  in  the  Chair. 

LouiBa  Lady  Ashborton, 

Charles  Babne,  Esq. 

Mrs.  W.  Clement  Cazalet, 

Francis  Halhed  Ward-Jackson,  Esq. 

Samuel  Morley,  Esq.  M.P. 

S.  J.  Smith,  Esq.  F.G.S.  F.C.S. 

Charles  Whittingham,  Esq. 

were  elected  Members  of  the  Boyal  Institution. 

The  following  Address  of  Congratulation  to  Her  Majesty  the 
Queen,  to  be  signed  by  the  President  on  behalf  of  the  Members,  was 
read  and  approved  by  the  Meeting. 

**To  THE  Queen's  Most  Exoellknt  Majbstt. 
"  Madam, 

"  We  Your  Majesty's  most  dutiful  subjects,  the  President, 
Managers,  Visitors,  Professors,  and  Members  of  the  Botal  Ikstitution 
OF  Great  Britain  for  the  Promotion,  Diffusion,  and  Extension  of 
Science  and  Useful  Knowledge,  humbly  offer  our  heartfelt  congratula- 
tions to  Your  Majesty  on  the  Recovery  of  His  Royal  Highness  the 
Prince  of  Wales  from  His  dangerous  illness,  which  caused  such 
universal  and  intense  anxiety ;  and  we  desire  to  express  our  earnest 
wish,  that  the  valuable  life  of  His  Royal  Highness  may  be  long  pre- 
served for  the  happiness  of  Your  Majesty  and  His  family,  and  for 
the  lasting  benefit  of  the  nation." 

The  Pbesknts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

Ooremor-Gejieral  of  Iwlia — Memoirs  of  the  Geological  Survey  of  India : — 

Paloeontologia  Indira,  Series  VI.  Parts  9-13.    foL     1871. 

Records,  Vol.  IV.  3,  4.     8vo.     1871. 

W.  T.  lilanford,  Observations  on  the  Geology  and  Zoology  of  Abyssinia. 
8vo.     1871. 
Director  of  the  Geological  Survey — Mineral  Statistics  for  1870.    Svo.     1872. 
American  rhiloaophical  Society — Proceedings,  No.  87.     Svo.     1870. 

Transactions,  Vol.  XIV.  Part  3.    4to.     1871. 
Astronomical  Society,  Hoyal— Monthly  Notices,  Vol.  XXXII.  Nos.  3,  4.     1872. 
Bacon,  G.  Mackenzie,  M.D.  (the  Author) — On  the  Writing  of  the  Insane  (with 

Illustrations).     8vo.     1872. 
British  Archit&t^,  Royal  Institule  o/— Sessional  Papers,  1871-2.    Nos.  6,  7.    4to. 
British  Association  for  the  Advancement  of  Science — Report  of  the  Forty-first 

Meeting  held  at  Edinburgh,  August,  1871.    Svo.     1872. 
British  Museum  Trustees— Guide  to  Greek  Coins.     Svo.     1872. 
CJiemical  Society— J omiml  for  Feb.  1872.    Svo. 
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Editors — Academy  for  March,  1872.    4to. 
American  Journal  of  Science  for  Feb.  1872.    8?o. 
Artizan  for  Feb.  1872.    4to. 
Athenreum  for  Feb.  1872.    4to. 
Chemical  News  for  Feb.  1872.    4to. 
En-ineer  for  Feb.  1872. 
Food  Journal  Jan.-March,  1872.    4to. 
Horological  Journal  for  March,  1872.     8vo. 
Journal  of  Gas-Lighting  for  March,  1872.    4to. 
Mechanics'  Magazine  for  March,  1872.    8vo. 
Nature  for  March,  1872.    4to. 
Pharmaceutical  Journal  for  March,  1872.    8yo. 
Photographic  News  for  March,  1872.    4to. 
Geogra^iatl  Society,  -BoyaZ— Proceedings,  Vol.  XV.  No.  5.     Vol.  XVI.  No.  2. 

8vo.     1871-2. 
Hayden,  F.  V.  Em.  (the  Author)— Hoi  Springs  and  Geysers  of  the  Yellow- stone 

and  Firehole  Rivers  (from  American  Journal  of  Science,  Vol.  III.     1872). 
Linnenn  Society — Journal,  No.  6(5.    8vo.     1872. 
Lofidon  Inttittdion — Journal,  No.  11.     8vo.     1872. 
Macpher$on.  John^  M,D.  M.Ii.I.  (the  J  u/^ory— Annals  of  Cholera,  from  the  earliest 

period  to  the  year  1817.     8vo.     1872. 
Manchester  Literary  and  Phtlosophieal  Society — Proceedings.    Vol.  XI.    No.  10. 

8vo.     1872. 
Meteordtoqical  Society — Quarterly  Journal,  New  Series,' No.  1.     8vo.     1872. 
Nichols,  J.  GoufiK  Esq.  F.S.A.  {the  Author)— On  the  three  editions  of  Watson's 
Memoirs  of  the  ancient  Earls  of  Warren  and  Surrey.    (From  Herald  and 
Genealogist.)    8vo.    1872. 
Preussische  Akademie  der  Wis^enschaflmi — Monatsberichte,  Dec.  1871.    8to. 
Itoyal  Society  of  Literature — Transactions,  Second  Series,  Vol.  X.  Part  1.    8?o. 

1872. 
Boual  Society  of  Loiulon— Proceedings,  No.  1.S2.    8vo.    1872. 
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WEEKLY  EVENING  MEETING, 

Friday,  April  12,  1872. 

Sir  Henry  Holland,  Bart.  M.D.  D.O.L.  F.R.S.  President, 

in  the  Chair. 

John  Morlet,  Esq. 

On  the  Influence  of  Bousseau. 

Eousseau'b  teaching  sowed  the  seeds  of  the  restlessness  which  is  so 
manifest  throughout  modem  Europe.  The  teaching  itself  was  not  in  its 
fundamental  ideas  possessed  of  great  creative  originality.  Rousseau 
owed  much  to  Grcneva,  where  he  was  bom,  in  the  midst  of  public  discon- 
tents and  the  discussion  of  the  first  principles  of  politics  and  theology : 
for  instance,  the  doctrine  of  the  sovereignty  of  peoples,  and  the  ten- 
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dency  towards  natnral  religion  and  a  pure  deism.  He  owed  much  to 
Montaigne,  Plntarch,  Hobbes,  and  Locke.  His  originality  lay  in  the 
temper  and  sentiment  which  he  introduced  into  social  discussions,  and 
which  exactly  suited  the  ripeness  of  the  times.  Until  his  memorable 
diversion,  the  battle  between  the  old  and  new  in  France  had  been  between 
the  Church  and  the  Encyclopasdists  or  Yoltaireans.  The  latter  were 
rationalistic,  critical,  argumentatiye,  belieying  enthusiastically  in  pro- 
gress by  means  of  new  intellectual  acquisitions.  Bousseau  sided  with 
neither  school,  having  no  taste  for  dogmatic  authority  on  the  one 
hand,  nor  for  mere  ^owledge  or  coiitroyersy  on  the  other.  His 
influence  took  root  in  a  new  type  of  life,  springing  from  the  old  appeal 
away  from  the  corruption  and  frivolity  of  ar^cial  society,  to  simple 
and  pure  individual  life ;  dogma  being  abandoned  for  spiritual  theism, 
and  pride  of  intellect  for  health  of  feeling.  Hence  his  writings  enlarged 
the  attack  which  the  philosophers  had  carefully  restricted  to  the  Church 
and  theology,  so  as  to  comprehend  the  whole  social  order  in  destructive 
criticism.  They  touched  the  entire  circle  of  life,  and  hence  they 
inspired  not  only  the  Jacobin  Bobespierre,  or  the  tr^scendental  deist, 
Qeorge  Sand,  but  the  royalist  Ch&teaubriand  and  the  Christian 
Lamennais.  They  produced  ultimately  a  magnificent  expansion  of 
the  literature  of  imagination.  But  if  Boujsseau  had  confined  himself 
to  the  presentation  of  a  moral  idea,  his  work  would  have  taken  a  place 
with  file  other  Utopian  visions  by  which  men  have  been  cheered 
and  elevated.  Ho  proceeded  from  man  to  the  milieu,  from  the  con- 
sideration of  the  right  type  of  manhood  and  the  means  by  which  we 
are  to  be  prepared  for  the  right  type  of  life,  to  the  conditions  of  society. 
It  was  his  method  in  the  latter  aspect  which  has  made  him  so  mii»- 
chievous.  He  cut  o€f  the  whole  past  of  the  race,  obliterating  history 
from  memory  and  the  old  social  ordering  from  siglit,  and  inundating 
the  study  of  social  truth  with  metaphysical  a  priori  figments,  such  as, 
Bi  ghts  of  Man,  Laws  of  Nature,  and  the  rest  The  revolutionary  dogma 
of  the  equality  of  man,  of  the  equality  of  material  condition,  were  both 
involved  in  his  conception,  though  with  respect  to  equality  of  material 
condition  he  did  not  insist  on  it  from  any  exaltation  of  the  material 
side  of  life ;  on  the  contrary,  his  notion  of  democracy  was  truly 
spiritualistic,  and  had  its  root  in  a  moral  revolt.  His  fundamentiJ 
merit  was  his  protest  against  the  stationary  fatalism  of  those  who 
exaggerate  the  strength  of  social  continuity  and  the  grip  of  the  past 
over  the  present  His  fatal  error  was  his  disregard  of  the  intellectual 
and  morid  endeavour  of  the  past,  and  a  blind  ignorance  of  the  experi- 
ence of  the  race.  What  made  his  errors  so  baneful  was  the  concurrence 
of  the  economic  and  political  conditions  of  France,  which  were  so 
devoid  of  all  coherence  as  to  permit  his  anti-social  speculations  to 
become  violent  explosive  forces.  He  deserves,  however,  the  gratitude 
of  mankind  for  the  impulse  whicli  he  gave  to  the  motives  for  the  study 
of  social  truth,  by  pointing  out  how  short  a  way  wo  have  gone  towards 
the  admission  of  the  bondsmen  of  society  to  the  best  advantages  of 
civilization.  [J.  M.] 
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Friday,  Maxell  22, 1872. 

Sir  Hbnbt  Holland,  Bart.  M.D.  D.C.L.  F.B.S.  Freaident, 
in  the  Ohftir. 

J.  NoBUAK  LooKiiB,  Esq.  F.B.S.  M.B.I. 

On  the  EcUpte  Expedition,  1871.* 

I  intDHBSTAND  mj  duty  to-night  to  l>e  to  gire  aa  acconiit  of  the  obfler- 
▼atioQS  made,  not  by  all  who  obaeired  the  eclipse  of  last  December, 
but  by  the  mombera  of  the  party  which  went  oat  under  the  auspices 
of  the  BritiBh  Aeaociation,  and  it  ie  extremely  fortunate  that  noUiing 
more  is  reqoircd  of  mo :  first,  because  most  roluable  work  was  done 
by  the  other  parties,  which  of  itself  would  require  more  time  to  state 
than  I  have  at  my  disposal ;  and  secondly,  becanse  the  amount  of 
material  obtained  by  the  members  who  were  sent  out  from  England, 
and  by  the  friends  who  met  them  at  every  point,  is  so  great,  that  it 
would  bo  impossible  in  one  discourso  to  give  anything  like  an  ez- 
haastiTe  account  of  it.  Here  are  some  of  the  records  in  this  portfolio. 
Ton  will  see  at  once  that  oven  for  one  party  I  can  only  m&ke  a 
selection,  and  I  am  perfectly  aware  of  the  extreme  reeponsibility 
which  attaches  to  anyone  who  may  Tentnre  to  make  a  selection  out  of 
8Dch  an  enormous  mass  of  material  as  we  have  collected. 

Before  I  proceed  to  discuss  the  work  done  by  the  different  parties, 
it  will  be  desirable  to  give  an  idea  of  the  arrangements,  and  for  this 
purpose  I  have  prepared  Bovoral  maps,  which  will  enable  yon  to  see 
wh^  the  British  Association  parties  did. 

In  the  first  instance  I  may  remark  that  the  weather  conditiona 
were  somewhat  problematioal.  Another  point  of  great  importance 
was  that  mnch  of  the  ground  was  fortunately  oooupied,  and  it  was 
essential  when  placing  the  partiee  to  bear  those  two  considerations  in 
mind — the  possibility  of  bad  weather,  and  then  the  importance  of  so 
arranging  matters  that  if  some  of  the  obeerrors  were  clouded  out,  be- 
longing to  oar  parties,  then  the  story  might  be  continued  by  other 
obsurera. 

Here  we  have  a  map  of  India,  which  gives  you  a  general  idea  of 

*  The  chief  results  obtained  by  the  eipoditioD  bave  been  takru  (Tom  the 
ihI  inUrim  Beport  pRsented  to  the  Britiih  Auociation  Meitiag  at  Brighton. 
The  lectUTB  itself  dealt  mainlj  with  the  metboda  and  inbtrameata  employed. — 

J.  a.  L. 
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the  path  of  the  shadow  during  the  eclipse.  The  shadow,  you  see, 
strikes  India  on  the  western  coast,  and  it  runs  down  in  a  south- 
westerly direction,  and  cuts  the  northern  portion  of  Ceylon. 

When  wo  arrived  in  India  we  found  that  the  Indian  observers, 
consisting  of  those  well-known  men  Tennant,  Herschel,  Hennessy, 
Pogson,  and  others,  had  determined,  from  their  knowledge  of  the 
climatic  conditions  of  India  at  that  time  of  the  year,  to  occupy  the 
central  part  of  the  line,  and  also  a  station  at  a  low  level ;  the  emi- 
nent French  physicist  M.  Janssen  taking  up  his  position  at  the  top 
of  the  Nielgherries.  We  were  to  station  ourselves  either  east  or  west, 
or  both,  of  these  parties.  Whether  east  or  west  would  depend  upon 
the  monsoon,  and  the  great  question  that  was  being  discussed  on  our 
arrival  was.  Was  the  monsoon  favourable  ? 

I  have  not  time  to  go  into  the  many  interesting  points  touching 
the  answer  to  this  question ;  but  I  may  say  shortly  that  what  we  heard 
was,  that  if  the  weather  was  likely  to  be  bad  on  the  east  side  of  the 
hill  range,  genorically  called  the  Ghauts,  there  was  a  good  chance  for 
anyone  occupying  a  position  west  of  those  hills.  What  happened 
was  that  we  did  occupy  the  positions  marked  by  blue  wafers  on  the 
map,  namely,  Bekul  on  the  west  coast,  Manantoddy  on  the  western 
slope  of  the  Ghauts,  Poodocottah  in  the  eastern  plain,  and  in  the 
island  of  Ceylon,  first,  Jaffiia ;  and  secondly,  Trincomalee. 

Such  were  our  arrangements.  The  parties  were  stationed  along 
the  line  of  totality.  Very  different  were  the  arrangements  of  the 
Sicilian  party  of  the  former  year.  In  Sicily  we  were  compelled  to 
throw  ourselves  across  the  line  of  totality  in  the  direction  which  I 
have  indicated  on  this  map  of  Sicily. 

Now  what  was  the  work  wo  had  to  do  ?  If  you  will  allow  me  to 
refer  to  two  or  three  results  of  the  former  Eclipse  Expedition,  I  will 
endeavour  to  put  them  before  you  without  taking  up  too  much  of 
your  time. 

One  of  the  most  important  among  the  results  obtained  in  the 
eclipse  of  1870  was  this :  far  above  the  hydrogen  which  we  can  see 
every  day  without  an  eclipse — far  above  the  prominences,  the  spectrum 
of  hydrogen  had  without  doubt  been  observed  by  two  or  three  of  the 
American  observers,  who  were  more  fortunate  than  we  were.  Among 
them  Professor  Young  stated,  that  the  spectrum  of  hydrogen  was 
observed  to  a  distance  of  8  minutes  from  the  sun ;  he  then  adds,  "  far 
above  any  possible  hydrogen  atmosphere."   This  is  point  number  one. 

Another  of  the  points  was  this :  the  unknown  sul^tance  which  gives 
us  a  Hue  coincident,  according  to  Young,  with  a  line  numbered  1474 
by  Kirchhoff,  had  been  observed  by  the  American  observers  to  a  height 
of  20  minutes  above  the  limb  of  the  dark  moon. 

Now,  it  was  a  very  obvious  consideration  that  if  we  got  a  spectrum 
of  hydrogen  8  minutes  from  the  dark  moon,  when  we  thought  we  knew 
that  the  hydrogen  at  the  sun  did  not  really  extend  more  than  10 
seconds  beyond  the  dark  moon,  there  was  something  at  work  which 
had  the  effect  of  making  it  appear  very  much  more  extensive  than  it 


480  Mr.  Norman  Lockyer  [March  22, 

was  in  Bome  way  reflected.  Now  with  our  ordinary  spectroecopic 
methods  it  was  extremely  difficnlt,  and  one  might  say  impossible,  to 
determine  whether  the  light  which  the  spectroscope  analyzed  was 
rtMdly  reflected  or  not ;  and  that  was  the  whole  question. 

It  became  necessary,  therefore,  in  order  to  give  any  approach  to 
hopefulness,  to  proceed  in  a  somewhat  different  way  in  the  1871 
expedition ;  and  in  order  to  guard  against  failure,  to  supplement  such 
new  observations  by  photographs ;  and  fortunately  we  were  not  long  in 
coming  to  a  conclusion  that  this  might  be  done  with  some  considerable 
chance  of  success. 

I  have  here  a  train  of  prisms.  I  will  for  one  moment  take  one 
prism  out  of  the  train,  and  we  will  consider  what  will  happen  if  we 
illuminate  the  slit  of  the  lantern  with  a  monochromatic  light  and 
observe  it  through  the  prism.  If  we  render  sodium  vapour  incan- 
descent, we  know  we  get  a  bright  yellow  image  of  the  slit,  due  to 
the  vapour  of  the  metallic  sodium  only  giving  us  yellow  light.  But 
why  is  it  that  we  get  a  line  ?  Because  we  always  employ  a  line  for 
the  slit.  But  suppose  we  vary  the  inquiry.  If^  instead  g(  a  straight 
line  we  have  a  crooked  line  for  the  slit,  then  we  ought  to  see  a 
crooked  line  through  the  prism.  Now,  allow  me  to  go  one  step 
further :  suppose  that  instead  of  a  line,  whether  straight  or  crooked, 
we  have  a  slit  in  the  shape  of  a  ring,  shall  we  see  a  ring  through 
the  prism?  Tou  will  see  that  we  shall.  And  then  comes  this 
question :  If,  when  we  work  in  the  laboratory  we  examine  these 
various  slits,  illuminated  by  these  various  vapours,  why  should  it  not 
happen  that  if  we  observe  the  corona  in  the  same  way,  we  shall  also 
get  a  ring  built  up  by  each  ray  of  light  which  the  corona  gives  to  us ; 
since  we  know,  from  the  American  observations,  that  there  were  bright 
lines  in  the  spectrum  of  the  corona,  as  observed  by  a  line  slit  ?  In 
other  words,  the  corona  examined  by  means  of  a  long  train  of  prisms, 
should  give  us  an  image  of  itself  painted  by  each  ray  which  the 
corona  is  competent  to  radiate  towards  us. 

Now  let  us  pass  to  the  screen,  the  screen  merely  replacing  the 
retina.  We  will  first  begin  with  the  straight  slit  with  which  you  are 
fjEimiliar — we  now  have  our  slit  fairly  focussed  on  the  screen — we  then 
in  the  path  of  the  beam  interpose  one  of  these  prisms,  and  there  we 
get  on  the  screen  a  bright  line. 

Now,  to  continue  the  argument,  we  replace  the  straight  slit  by  a 
crooked  one,  and  you  see  we  get  a  crooked  image  on  the  screen.  We 
now  replace  this  crooked  slit  by  a  ring.  We  have  now  a  ring-formed 
image  on  the  screen.  So  that  you  see  we  can  use  any  kind  of  narrow 
aperture  we  choose,  and  as  long  as  we  are  dealing  with  light  which  is 
monochromatic,  or  nearly  so,  we  get  an  image  of  the  aperture  on  the 
screen. 

If  we  consider  the  matter  further  it  will  be  evident  that  we  may 
employ  a  mixture  of  vapours,  and  extend  this  result. 

We  will  now,  for  instance,  instead  of  employing  sodium  vapour, 
employ  a  mixture  of  various  vapours.     You  see  now  that  each  ray 
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screen  with  polarized  light.  You  now  see  an  indication  of  what 
wonld  he  oheerved  supposing  the  polarization  was  dae  to  polarized 
light  diffased  in  the  region  hotween  us  and  the  dark  moon  and 
eclipsed  sun,  in  which  case  the  polariscopic  effect  would  he  ohserved 
generally  over  the  dark  moon,  the  corona  and  the  region  of  the  sky 
outside  the  corona.  But  this  is  not  all ;  not  only  does  this  arrange- 
ment enahle  us  to  determine  the  existence  of  such  a  general  polariza- 
tion, hut  the  vertical  line  in  the  Biquartz  called  the  line  of  junction 
indicates  the  plane  of  polarization,  when  the  colours  on  hoth  sides 
of  it  are  the  same ;  so  that  we  have  two  colours  strongly  contrasted 
in  either  half  of  the  field  when  we  are  away  from  the  plane  of 
polarization,  and  a  uniform  colouring  of  the  whole  field  when  in  or 
at  right  angles  to  that  plane.  By  turning  this  prism  through 
90  degrees,  you  see  I  entirely  change  the  colours. 

But  we  are  not  limited  to  the  Biquartz  in  this  inquiry.  We  can 
apply  the  Savart  polariscope.  Having  still  our  image  of  the  corona 
on  the  screen,  I  now  replace  the  Biquartz  hy  a  Savart. 

We  now  no  longer  see  a  line  of  junction  with  the  similar  or 
different  colours  on  either  side  of  it,  hut  lines  of  colour  running  across 
the  image.  I  turn  the  prism.  We  first  see  the  lines  with  a  white 
centre,  then  with  a  dark  one;  while  at  times  they  are  altogether 
absent.  And  as  a  departure  from  the  plane,  when  we  use  the  Biquartz, 
gives  us  the  strongest  contrasts  of  colour,  so  you  observe  that  with 
the  Savart  under  these  circumstances  all  indications  of  polarization 
vanish. 

Now,  if  we  assume  polarization  to  be  general,  and  the  plane  of 
polarization  vertical,  we  should  get  those  coloured  bands,  as  you 
800  them  there,  crossing  the  corona  and  dark  moon,  the  lines  being 
vertical  and  dark-centred.  If  the  plane  of  polarization  were  hori- 
zontal, we  should  find  the  lines  horizontal  and  the  central  one 
white. 

But  so  far  as  we  have  gone,  we  have  been  dealing  with  polarization 
which  is  general,  and  we  have  not  attempted  to  localize  polariza- 
tion at  the  corona  itself.  But  I  have  here  an  apparatus,  by  means  of 
which,  quietly,  in  this  theatre  one  can  see  as  admirable  an  example  as 
wo  should  desire,  of  polarization,  assumed  to  be  particular  to  the  sun 
and  not  general — I  mean  radial  polarization.  We  have  simply  a 
circular  piece  of  mahogany,  or  something  else  which  polarizes  light 
equally  well,  with  a  hole  in  the  middle  with  sloping  sides,  cut  as 
you  sec  this  cut,  and  then  we  place  behind  it  a  candle,  so  that  the 
light  of  this  candle,  after  falling  on  oiled  tissue  paper  stretched  across 
the  aperture,  can  be  reflected  to  the  eye  by  the  sides,  the  direct  light 
of  the  candle  being  stopped  by  a  central  metallic  diaphragm.  We 
have  HOW  a  source  of  polarized  light  of  a  diflbrent  kind  from  the  last. 
Tlic  next  thing  we  have  to  do  is  to  introduce  into  a  small  telescope 
exactly  the  same  kind  of  apparatus  we  have  there,  though  of  course 
on  a  much  smaller  scale,  and  examine  the  ring  of  light  seen  when  we 
I)ut  the  candle  behind  the  aperture.     On  examining  the  ring  of  light 
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parts  of  tho  nebula  of  Orion,  and  of  that  surrounding  rj  Argus,  as 
depicted  by  Sir  John  Herschel,  in  his  Cape  observations. 

We  have  shown  that  the  idea  that  we  did  not  get  hydrogen  above 
10  seconds  above  the  sun  is  erroneous ;  for  we  obtained  evidence  that 
hydrogen  exists  to  a  height  of  8  or  10  minutes  at  least  above  the 
sun  ;  and  I  need  not  tell  you  the  extreme  importance  of  this  deter- 
mination. One  of  the  proofs  we  have  of  that  lies  in  this  diagram, 
showing  the  observations  made  by  Professor  Bespighi,  armed  with 
an  instrument,  the  principle  of  which  I  hope  you  are  now  familiar 
with. 

Just  after  the  sun  disappeared  Professor  Bespighi  employed  this 
prism  to  determine  the  materials  of  which  the  prominences  which  were 
then  being  eclipsed  were  composed ;  and  he  got  the  prominences  shaped 
out  in  red,  yellow,  in  blue,  and  in  violet  light ;  a  background  of  im- 
pure spectrum  filling  the  field,  and  then  as  the  moon  swept  over  the 
prominences  these  images  became  invisible;  he  saw  the  impure  spec- 
trum and  the  yellow  and  violet  rings  gradually  die  out,  and  then  three 
bright  and  broad  rings  painted  in  red,  green,  and  blue,  gradually 
form  in  the  field  of  view  of  his  instrument ;  and  as  long  as  the  more 
brilliant  prominences  were  invisible  on  both  sides  of  the  sun,  he  saw 
these  magnificent  rings,  which  threw  him  in  a  state  of  ecstasy.  Aiid 
well  they  might. 

These  rings  were  formed  by  0  and  F,  which  shows  us  that 
hydrogen  extends  at  least  7  minutes  high,  for  had  toe  not  been  dealing 
with  hydrogen  we  should  have  got  a  yellow  ring  as  weiU,  because  the  sul>- 
stance  which  underlies  the  hydrogen  is  more  brilliant  than  the 
hydrogen  itself,  and  in  addition  to  the  red  ring  and  the  blue  ring,  which 
indicate  the  spectrum  of  hydrogen,  ho  saw  a  bright  green  ring,  much 
more  brilliant  than  the  otiiers,  built  up  by  the  unknown  substance 
which  gives  us  the  Kirchhoff  line,  1474. 

Now  at  the  time  that  Professor  Respighi  was  observing  these 
beautiful  rings  by  means  of  a  single  prism  and  a  telescope  of  some 
four  inches  aperture,  some  300  miles  away  from  him — he  was  at 
Poodocottab  and  I  was  at  Bckul — I  had  arranged  the  train  of  prisms 
wliich  you  see  here  so  that  the  light  of  the  sun  should  enter  the  first 
prism,  and  after  leaving  tho  last  one  should  enter  my  eye.  And  what 
I  saw  is  shown,  side  by  side  with  Kespighi*s  observations,  in  this 
diagram,  in  which  I  have  separated  the  rings  somewhat,  so  that 
there  should  be  less  confusion  than  in  the  actual  observation.  Hero 
is  Professor  llespighi's  first  observation.  He  gets  indications  of  0, 
D*,  F,  and  the  hydrogen  line  near  G.  He  was  observing  the  very 
lowest,  brightest  region  of  all,  and  therefore  1474  was  obliterated  by 
the  brightness  of  the  continuous  spectrum;  but  as  the  eclipse  went 
on  D'  was  entirely  obliterated,  and  afterwards  he  got  C  and  F  building 
up  rings  together  with  1474,  which  was  not  represented  in  the  lower 
regions  of  the  prominence — not  because  it  was  not  there,  but  because, 
as  I  liave  already  insisted,  of  the  extreme  brilliancy  of  the  back- 
ground.   Now  my  observation  was  made  intermediately,  as  it  were, 
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Before  I  leave  the  actinic  corona,  I  am  anxious  to  show  yon  an 
image  of  it,  taken  daring  the  American  eclipse  of  1869  in  a  camera 
exposed  to  the  sun  daring  the  whole  of  the  totality ;  to  a  certain  extent 
in  oar  recent  photographs  we  have  reprodaced  what  was  photographed 
in  1869. 

The  solar  natare  of  most,  if  not  all,  of  the  corona  recorded  on  the 
plates  is  established  by  the  fact  that  the  plates,  taken  in  different  places, 
and  both  at  the  beginning  and  end,  of  totality,  closely  resemble  each 
other,  and  mach  of  the  exterior  detailed  stractore  is  a  continaation  of 
that  observed  in  the  inner  portion  independently  determined  by  the 
spectroscope  to  belong  to  the  son. 

While  both  in  the  prism  and  the  6^  inch  eqoatorial  the  corona 
seemed  to  form  pretty  regular  rings  round  the  dark  moon,  of  different 
heights  according  to  the  amount  of  light  utilized  by  the  instrument, 
on  the  photographic  plates  the  corona,  which,  as  I  have  before  stated, 
exceeds  the  limits  actually  seen  in  the  instrument  I  have  named,  has  a 
very  irregular,  somewhat  stellate  outline,  most  marked  breaks  or  rifts 
{ignored  by  the  gpedroscope)^  occurring  near  the  sun's  poles,  a  fact 
perhaps  connected  with  the  other  fact  that  the  most  active  and  most 
brilliant  prominences  rarely  occur  there. 

From  the  photographs  in  which  the  corona  is  depicted  actinically 
we  (MISS  to  the  drawings  in  which  it  is  depicted  visually.  I  would  first 
call  attention  to  two  drawings  made  by  Mr.  Holiday,  who  formed  part 
of  the  expedition,  and  in  whose  eye  every  one  who  knows  him  will 
have  every  confidence. 

First  there  is  a  drawing  made  at  the  commencement  of  the  totality, 
and  then  a  drawing  made  at  the  end.  There  is  a  wonderful  difference 
between  the  drawings ;  the  corona  is  in  them  very  much  more  exten- 
sive than  is  represented  actinically  on  our  plates. 

Here  is  another  drawing,  made  by  Captain  Tupman,  in  which  again 
we  have  something  absolutely  different  from  the  photographs  and  from 
Mr.  Holiday's  sketches,  inasmuch  as  we  get  an  infinite  number  of  dark 
lines  extending  down  to  the  moon,  and  a  greater  extension  than  in  the 
photographs,  though  in  radial  places  the  shape  of  the  actinic  corona 
and  some  of  its  details  are  shown. 

Now  the  corona,  as  it  appeared  to  me  with  the  naked  eye,  was 
nothing  but  an  assemblage  of  bright  and  dark  lines,  it  lacked  all  the 
structure  of  the  photographs  and  appeared  larger ;  and  I  have  asked 
myself  whether  these  lines  do  not  in  some  way  depend  on  the  size  of 
the  telescope,  or  the  absence  of  a  telescope.  It  seems  as  if  observations 
of  the  corona  with  the  naked  eye,  or  with  a  telescope  of  small  power, 
may  give  us  such  linos ;  but  that  when  we  use  a  telescope  of  large 
power,  it  will  give,  close  to  the  moon,  the  structure  to  which  I  have 
referred,  and  abolish  the  exterior  structure  altogether,  leaving  a  ring 
round  the  dark  body  of  the  moon  such  as  Professor  Eespighi  and 
myself  saw  in  our  prisms,  and  in  the  6-inch  telescope,  in  which  the 
light  was  reduced  by  high  magnification  so  as  to  bring  the  corona  to 
a  definite  ring  some  5  minutes  high,  while  Professor  Bespighi,  using  a 
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many  linoe  flasbed  into  one  of  these  instruments,  carried  under  these 
difficult  conditions. 

Captain  Fyers,  the  Surveyor-General  of  Ceylon,  observing  with  a 
spectroscope  of  the  second  kind,  saw  something  like  a  reversal  of  all 
the  lines  at  the  beginning,  but  nothing  of  the  land  at  the  end. 

Mr.  Fergusson,  observing  with  a  similar  instrument,  saw  reversal 
neither  at  the  beginning  nor  the  end. 

Mr.  Moseley,  whose  observations  are  of  great  weight,  says  that 
at  the  beginning  of  the  eclipse  he  did  not  see  this  reverscil  of  lines. 
Whether  it  was  visible  at  the  end  he  could  not  tell,  because  at  the 
close  the  slit  had  travelled  off  the  edge  of  the  moon. 

Professor  Respighi,  using  no  slit  whatever,  and  being  under  the 
best  conditions  for  seeing  the  reversal  of  the  lines,  certainly  did  not 
see  it  at  the  beginning,  but  he  considers  he  saw  it  at  the  end,  though 
about  this  he  is  doubtful 

From  the  foregoing  general  statement  of  the  observations  made  on 
the  eclipse  of  last  year,  it  will  be  seen  that  knowledge  has  been  very 
greatly  advanced,  and  that  most  important  data  have  been  obtained  to 
aid  in  the  discussion  of  former  observations.  Further,  many  of  the 
questions  raised  by  the  recent  observations  make  it  imperatively  neces- 
sary that  future  eclipses  should  be  carefully  observed,  as  periodic 
changes  in  the  corona  may  then  possibly  be  found  to  occur.  In  these 
observations  the  instruments  above  described  should  be  considered 
normal,  and  they  should  be  added  to  as  much  as  possible. 

I  had  intended,  if  time  had  permitted  me,  to  point  out  how  mudi 
better  wo  are  prepared  for  the  observation  of  an  eclipse  now  than  we 
were  when  we  went  to  India,  and  how  a  system  of  photograph  record 
should  be  introduced  into  the  spectroscopic  and  polariscopic  work; 
but  time  will  not  allow  me  to  do  more  than  suggest  this  interesting 
topic.  I  am  anxious,  however,  that  you  should  allow  me  one  minute 
more  to  say  how  very  grateful  we  feel  for  the  assislance  rendered 
by  all  we  mot,  to  which  assistance  so  much  of  our  success  must  be 
ascribed.  I  wish  thus  publicly  to  express  the  extreme  gratitude  of 
everyone  of  our  Expedition  to  the  authorities  in  India  and  in  Ceylon 
for  the  assistance  we  received  from  them ;  and  our  sorrow  that 
Admiral  Cockburn,  a  warm  and  well-known  friend  to  Science,  who 
placed  his  flagship  at  the  disposal  of  the  expedition,  and  the  Viceroy, 
whose  influence  in  our  favour  was  felt  in  every  region  of  India  whither 
our  parties  went,  and  to  whom  we  gave  up  our  ship,  are  now,  alas  I 
beyond  the  expression  of  our  thanks.  We  are  also  anxious  to  express 
our  obligations  to  the  directors  and  officers  of  the  Peninsular  and 
Oriental  Company  for  the  magnificent  way  in  which  they  aided  us. 
If  they  bad  not  assisted  us  as  they  did,  Science  would  have  gained 
very  much  less  than  she  has  done  from  the  observations  of  the  last 
eclipse. 

[J.  N.  L.] 
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is  not  vokitilo,  and  exercises  a  continued  corrosive  action  apon  organic 
materials  or  fabrics  on  which  it  is  deposited.  In  a  famished  room 
the  leather  bindings  of  books  and  coverings  of  fomitore  are  especially 
liable  to  be  injured  thus;  perhaps  because  this  material,  being  a 
better  conductor  of  heat  than  others  which  are  used  for  the  same 
purposes,  is  more  bedewed  after  gas  has  been  lighted  in  a  room  than 
they  are,  and  also  because  it  requires  less  often  to  be  cleaned  or 
renewed.  Fortunately  the  conversion  of  sulphur  dioxide  into  hydrogen 
sulphate  takes  place  so  slowly  that  in  a  room  lighted  with  gas  and 
weU  ventilated  a  very  small  part  of  the  sulphur  which  gas  is  liable  to 
contain  remains  in  this  destructive  form.  Fortunately,  also,  the 
quantity  of  sulphur  which  gas  as  at  present  manufactured  is  liable  to 
contain  is  very  small.  In  a  room  lighted  with  four  gas-burners  the 
volume  of  sulphur  dioxide  mixed  witii  the  atmosphere  of  the  room  in 
the  course  of  an  hour  is  about  one-hundredth  of  a  cubic  foot.  The 
amount  actually  present  at  any  moment,  if  the  room  is  fairly  venti- 
lated, is  a  small  fraction  of  this  volume.  Nevertheless,  it  is  possible, 
and  even  probable,  that  some  injury,  especially  to  the  bindings  of 
books,  may  in  the  course  of  years  be  caused  under  these  circumstances ; 
and  it  is  desirable,  with  a  view  to  avoiding  any  such  injury,  and  also 
with  a  view  to  allaying  the  apprehension  of  it,  that  the  proportion  of 
sulphur  compounds  in  coal  gas  should  be  reduced  as  far  as  possible. 

A  ton  of  coal  may  contain  about  30  lbs.  of  sulphur :  it  yields 
nearly  10,000  cubic  feet  of  gas,  and  a  considerable  part  of  the  sulphur 
contained  in  it  is  given  off  with  the  gas  in  combination  with  either 
carbon  or  hydrogen.  Of  these  two  elements,  hydrogen  claims  by  far 
the  larger  proportion,  not  less  than  ten  parts  for  one  that  is  united 
with  carbon.  For  the  purification  of  gas  from  hydrogen  sulphide 
excellent  methods  are  everywhere  in  use.  The  gas  is  passed  through 
layers  of  slaked  lime  or  of  iron  oxide,  by  either  of  which  substances 
all  the  hydrogen  sulphide  is  capable  of  being  completely  absorbed. 
But  the  smaller  quantity  of  sulphur  existing  in  the  form  of  carbon 
bisulphide  is  not  arrested  by  these  agents,  nor  is  there  at  present 
any  material  or  process  known  by  which  it  can  be  effectually  removed. 

When  coal  gas  which  is  pure  from  hydrogen  sulphide  is  heated 
and  tested  again,  it  is  found  to  contain  this  impurity,  showing  that 
some  ingredients  of  the  gas  are  capable  of  producing  hydrogen 
sulphide  by  their  mutual  action.  Hydrogen  seems  to  have  a  much 
stronger  affinity  for  sulphur  than  carbon  has.  One  consequence  of 
this  difference  is  the  unequal  partition  of  the  sulphur  between  the 
two  elements  in  the  gas  retort.  But  this  inequality  does  not  reach 
its  limit  in  the  short  time  which  elapses  between  the  formation  and 
cooling  down  of  the  gas ;  an  d  accordingly,  when  foul  gas  (or  gas 
which  has  not  been  purified  from  hydrogen  sulphide)  is  further 
heated,  the  proportion  of  hydrogen  sulphide  in  it  is  increased,  and  that 
of  carbon  bisulphide  diminished.  From  a  number  of  experiments 
in  which  foul  gas  was  passed  through  an  iron  tube  three  inches  in 
diameter,  filled  with  iron  turnings  and  heated  for  a  length  of  about 
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If  the  process  of  heating  ooal  gas,  in  order  to  remoye  the  snlphor 
contained  in  it,  should  be  employed  on  the  manufacturing  scale,  the 
rate  of  transmission  of  the  gas  through  the  heating  apparatus  would 
necessarily  be  such  as  to  render  any  deposition  of  carbon  very  unlikely. 
But  even  where  such  deposition  takes  place,  it  is  not  necessarily  accom- 
panied by  a  diminution  of  the  illuminating  power. 

An  interesting  experiment,  from  this  point  of  view,  is  the  decom- 
position of  marsh  gas  by  the  electric  spark.  When  a  stream  of  sparks 
from  a  Ruhmkorff  coil  is  transmitted  between  the  ends  of  platinum 
wires  through  a  small  quantity  of  marsh  gas  enclosed  in  a  glass  tube 
over  mercury,  the  gas  gradually  expands.  In  about  ten  minutes  it  is 
nearly  doubled,  and  at  the  same  time  a  black  deposit  appears  on  the 
tube,  in  the  neighbourhood  of  the  wires.  Here  the  intense  heat 
applied  has  e£Eected  an  almost  complete  decomposition  of  the  hydro- 
carbon into  its  elements.  But  at  the  same  time  there  is  found  a  small 
quantity  of  some  more  condensed  hydrocarbon,  probably  acetylene. 
On  expelling  the  gas  through  a  jet  attached  to  the  upper  end  of  the 
tube,  and  burning  it,  the  flame  is  seen  to  be  much  more  luminous 
than  that  of  marsh  gas  itself.  The  fact  of  which  this  experiment 
gives  a  striking  illustration  is  that  the  illuminating  power  of  gas 
depends  much  more  upon  the  nature  of  the  hydrocarbons  it  contains, 
than  upon  the  total  amount  of  carbon.  How  great  would  be  the  gain 
to  the  manufacturers  of  coal  gas,  if  such  an  operation  as  this  were 
possible  on  the  large  scale,  by  which  the  volume  of  gas  is  doubled 
and  its  illuminating  power,  at  the  same  time,  greatly  increased  1 

As  far  as  chemistry  is  concerned,  the  simple  operation  of  heating 
gas  appears  to  offer  the  means  of  a  sufficiently  perfect  purification. 
The  construction  of  a  suitable  system  of  iron  pipes  for  heating  the 
gas,  and  the  best  mode  of  obtaining  and  applying  heat,  is  a  ]»roblem 
for  the  engineer.  On  the  scale  on  which  gas  is  manufactured,  all  the 
apparatus  for  dealing  with  it  must  be  of  a  magnitude  to  which  it  is  diffi- 
cult to  pass,  even  in  imagination,  from  the  small  scale  of  laboratory 
experiments ;  but,  otherwise,  the  problem  does  not  appear  to  be  one 
of  any  peculiar  difficulty.  It  may  perhaps  be  found  possible  to  employ 
some  of  the  waste  heat  of  the  retort-house  for  this  purpose,  and  thus 
to  effect  the  required  purification  without  much  increasing  the  con- 
sumption of  fuel. 

[A.  V.  H.] 
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On  the  Philological  Character  and  Genius  of  the  Modem  Greek 

Language, 

The  Greek  langoage,  as  the  only  living  bridge  between  the  intellect 
of  the  present  and  that  of  the  great  past,  is  certainly  one  of  the  most 
remarkable  phenomena  in  the  field  of  philology.  To  show  how  this 
wonderful  liuigoage  has  retained  its  vitality,  and  now  flourishes  in  a 
green  old  age,  or  rather  in  a  lusty  rejuvenescence,  while  Hebrew, 
Latin,  Sanscrit,  and  all  the  great  beu^rs  of  ancient  culture,  are 
numbered  with  the  dead,  is  one  object  of  the  present  discourse ;  and 
the  other  object  is  to  take  the  language  in  the  phasis  ultimately 
assumed,  and  by  analysis  endeavour  to  set  forth  succinctly  the  chi^ 
characteristics  of  this  most  recent  type. 

In  following  the  historical  &tes  of  this  famous  language,  the 
fundamental  principle  with  which  we  must  start  is  that  there  is  no 
such  thing  as  absolute  fixation  in  a  living  language.  All  language, 
so  long  as  it  lives,  that  is,  so  long  as  it  is  the  organ  of  expression  to  a 
living  people,  and  is  not  summed  up  to  a  bookish  finality  by  lexico- 
graphers and  commentators,  must  be  subject  to  the  change  which  is 
of  the  very  essence  of  life.  But  though  in  a  living  l^guage  the 
vital  force  must  constantly  be  at  work,  and  will  always  bo  sending 
forth  new  shoots,  as  a  vigorous  tree  sends  forth  new  branches,  thia 
tendency  to  change  is  kept  under  the  strongest  check  by  those  con- 
servative forces  universal  in  nature,  which  strive  obntinately  to  keep 
up  an  existing  type,  when  once  established.  These  forces  are  of  two 
kinds,  internal  and  external ;  the  internal  are  the  powers  of  com- 
manding intellect,  of  plastic  genius,  to  which  the  masses  of  men 
instinctively  concede  an  authority  in  matters  of  style  and  expression ; 
the  external  are  the  two  great  institutions  of  Church  and  State,  acting 
either  from  one  common  centre,  or  from  two  distinct,  and  in  their 
own  domain  equally  powerful,  centres.  The  effect  of  such  great 
centres  of  political  and  social  action  in  setting  a  limit  to  the  local 

Vol.  VL    (No.  67.)  2  m 


494         Profe$9or  Bladne  on  the  Philological  Character        [April  26, 

▼arieties  ,of  human  speech,  and  stamping  some  favoured  form  of  a 
language  with  a  despotic  authority,  is  too  obvious  to  require  illustra- 
tion.   Now  with  resp^t  to  both  these  classes  of  forces,  the  Greek 
language  possesses  a  momentum,  and  springs  of  permanent  energy, 
such  as  have  fallen  to  the  lot  of  none  of  the  great  ancient  languages. 
A  long  succession  of  poets,  philosophers,  and  scientific  men  in  every 
field  of  intellectual  expression,  created  and  sustained  for  that  form  of 
human  speech  an  inteUectoal  dictatorship  which  could  only  be  shaken 
by  disturbing  forces  of  the  most  violent  kind.     Bat  when  to  this 
inherent  imperial  power  of  intellect  there  was  added  the  unifying 
influence  of  a  strong  centralizing  government  at  Byzantium,  and  the 
intense  inspiration  of  a  common  Christian  Church  at  once  popular  in 
its  doctrine  and  aristocratic  in  its  government,  the  combined  con- 
servative forces  became  so  strong  that  the  rankest  undergrowth  of 
linguistic  mutation  in  the  uneducated  classes  of  society  was  unable  to 
peer  into  the  light,  above  the  luxuriant  leafage  of  the  magnificent  old 
forest  of  inherited  classicality.     That  such  an  undergrowth  did  exist 
at  Byzantium  we  have  the  amplest  evidence  in  the  two  poems  written 
in  the  popular  dialect  by  the  monk  Theodorus  Ptochoprodromus, 
about  the  middle  of  the  twelfth  century,  and  dedicated  to  the  Emperor 
Manuel  Comnenus.     These  poems  are  written  in  a  dialect  so  corrupt, 
that  it  is  extremely  difficult,  even  with  the  help  of  the  commentary  of 
the  learned  Greek  Adamantine  Eoraes,*  in  not  a  few  places,  to  fish 
out  their  meaning.     There  existed,  therefore,  in  Byzantium  at  the 
time  of  the  Crusades,  and  when  the  Greek  Empire  was  tottering 
surely,  though  very  slowly  and  unwillingly,  to  its  fall,  a  distinct  and 
well-markod  bistratification  of  the  Greek  tongue — the  phenomenon  of 
a  classical  type  of  speech  inherited  from  the  mighty  past,  used  as  the 
only  legitimate  form  of  expression   by  all  men  of  education,  and 
co-existent  with  this  a  vulgar  type,  the  natural  organ  of  the  unedu- 
cated  masses,  and  used  by  them  in  their  colloquies,  ballads,  songs, 
and  other  light  fly-leaves  of  purely  popular  expression.     This  bistra- 
tification continued  with  no  doubt  increasing  force  to  mark  the  speech 
of  the   Greek  people  till  the  great  shake   which  their  nationality 
received  from  the  taking  of  Constantinople  by  the  Turks  in  1453 ; 
and  from  this  date  it  might  naturally  have  been  expected  that,  one  of 
the   strongest  conservative  bonds  having  been   snapt  asunder,  the 
cohesive  force  that  maintained  the  old  classical  type  would  cease,  and 
a  new  language,  standing  to  ancient  Greek  in  the  same  relation  that 
Italian  does  to  Latin,  would  arise  out  of  the  d^ris  of  the  crushed 
nationality  of  the  conquered,  mingled  with  the  intruded  elements  of 
the  foreign  conquest.     But  this  event  did  not  take  place ;  and  why  ? 
first,  because  the  weight  of  inherited  intellectual  and  ecclesiastical 
authority  was  far  higher  in  the  case  of  Greek  than  in  that  of  Latin  ; 
and  again,  because  the  character  of  the  Ottoman  policy  and  religion 
was  such  as  to  render  a  fusion  between  the  language  of  the  conquered 

*  In  the  first  vulume  of  his  "Arom-a. 
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classical  Greek  in  tbe  days  of  Attic  supremacy.  For  the  existing 
Neo-Hellcnic,  the  best  standard,  no  doubt,  may  be  assumed  to  be  the 
Greek  newspapers  ;  but  from  the  strong  tendency  to  purification  and 
restoration  which  has  manifested  itself  among  all  Greek  writers  since 
the  great  popular  up-rising  of  1821,  it  is  better  for  philological 
analysis  to  take  the  current  Greek  of  the  last  century,  affected  to  a 
certain  extent  by  Italian  influences,  as  a  just  mean  between  the 
extreme  corruption  of  the  Cretan  dialect,  and  the  Greek  of  the 
modem  Greek  newspapers,  which  present,  according  to  the  taste  of 
their  writers,  in  not  a  few  points,  a  greater  or  less  approximation  to 
the  ancient  classical  style.  To  tune  my  car  to  this  genuine  Bomaic 
as  contrasted  with  a  restored  semi-classical  Greek,  I  have  been  in  the 
habit  of  using  a  translation  of  the  *  Arabian  Nights,'  published  at 
Venice  in  1792 ;  but  I  have  also  carefully  read  through  the  chivalrous 
poem  of  the  *  Erotocritns,'  composed  by  Yincentius  Comaro,  a  Cretan 
Greek,  about  the  beginning  of  the  last  century;  as  also  the  collec- 
tions of  popular  Greek  ballads  by  Passow,  Kind,  and  others,  the 
peculiarities  of  which,  however  disowned  in  the  written  style  of 
educated  Greeks,  could  not  be  overlooked  by  the  philologer.  It  is 
proper  to  state  also  that,  though  the  propositions  which  I  lay  down 
are  drawn  out  directly  from  a  pretty  wide  field  of  Homaic  reading,  I 
was  both  confirmed  in  my  conclusions,  and  greatly  benefited  in  my 
researches,  by  the  excellent  works  of  those  few  others  who  have 
worked  laboriously  in  this  neglected  corner  of  the  Hellenic  vineyard. 
The  names  of  Sophocles,  Mullach,  Passow,  Ellison,  Pashley,  Tozer, 
Greldart,  Clyde,  Le  Grand,  d'Eichthal,  and  the  late  Viscount  Strang- 
ford,  will  sufficiently  indicate  to  the  iiii;elligent  the  sources  from 
which  I  have  derived  the  greatest  amount  of  assistance. 

The  first  remark  that  we  feel  called  on  to  make,  in  sketching  the 
physiognomy  of  modem  Greek,  is  by  way  of  protest  against  the  vulgar 
notion  that  all  the  changes  which  take  place  in  a  language  deviating 
from  an  inherited  classical  type,  are  to  be  considered  as  corruptions, 
or  varieties  of  phonetic  decay.  No  doubt  both  Italian  and  modem 
Greek,  when  contrasted  with  classical  Latin  and  Attic  Greek,  contain 
not  a  little  of  what,  with  strict  scientific  precision,  may  fall  under  the 
head  of  corruption ;  but  the  mistake  lies  in  the  easy  presumption  that 
this  category  covers  the  whole  facts  of  the  case.  The  truth  rather  is 
that,  while  by  the  slackness  of  the  controlling  power  of  the  conservative 
forces,  any  language  may  be  encrusted  with  corruption  or  have  its 
finest  features  rubbed  oft*  by  phonetic  decay,  it  may  at  the  same  time, 
through  the  force  of  its  vigorous  vitality,  go  on  sending  ferth  new 
blossoms,  and  revelling  in  fresh  formations  which  are  in  no  sense 
corruptions,  but  only  the  legitimate  outgrowth,  foliation,  and  efflo- 
rescence of  an  essentially  vital  thing.  The  test  of  the  tme  character 
of  such  new  formations,  to  the  eye  of  the  philologer,  is  not  the 
artificial  authority  of  some  fashionable  Cicero  or  other  great  master 
of  style,  but  simply  tlie  conformity  or  non-conformity  of  the  recent 
growth  with  the  old  type  of  which  it  purports  to  be  a  part.     There- 
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fore,  such  words  in  Latin,  for  instance,  as  gratitudo  and  heatitudo^  are 
not  corruptions  or  defacements,  but  expansions  and  improvements  of 
the  Boman  tongue,  though  a  famous  ancient  orator  never  did  use 
them,  and  a  feunous  modem  Cardinal  never  dared  to  use  them.  In  the 
same  way  Greek  never  resigned  and  could  not  resign,  in  favour  of  an 
artificially  constituted  authority  of  a  great  book-mt^er,  or  a  society  of 
book-makers,  its  inborn  right  of  luxuriating  in  all  sorts  of  new  forma- 
tions ;  and,  if  Smymean  Homer  could  say  yXvxcpos  as  well  as  yXv#cv9, 
the  Byzantine  Greek  of  later  days  will  insist  on  his  right  to  say 
/3fxt>^A€po9  as  well  as  PfHi}fjL(t)Srjs,  and  rdxivo^  as  well  as  Ta;(vs.  And  in 
verbal  affixes  also,  if  the  ancients  could  say,  not  only  6/iaA.oo>,  but 
ofiaXvvfi}  and  ofjuaXi^to  to  express  the  one  idea  equalize^  the  modems  will 
not  be  scouted  because  they  prefer  8axpv^u>  to  8aKpva>,  ap\IXi^  to  apxofjLoiy 
inur\i^ta  to  ?rourx«>,  and  other  formations  of  the  same  kind.  And  not 
only  will  they  claim,  as  the  genuine  inheritors  of  Homeric  and  Aristo- 
phanic  speech,  the  right  to  make  new  terminations  to  old  verbs,  but  they 
will  make  new  verbs  from  old  roots,  and  luxuriate  in  a  wealth  of  now 
compounds,  to  which  the  only  legitimate  objection  shall  be  that  they 
are  formed  on  a  false  analogy,  not  that  they  are  either  superfluous  or  ^ 
unauthorized.  For  in  shaping  forth  their  own  forms  of  expression  the 
people  require  no  authority,  but  the  consistent  truthfulness  of  their 
own  linguistic  instinct;  and,  as  to  superfluity,  Nature  everywhere 
rejoices  in  it,  and,  though  she  may  have  reasons  for  tolerating  the 
pruning  hook,  never  submits  to  systematic  castration.  I  have,  from 
my  reading,  made  some  curious  collections  of  the  riches  and  variety  of 
mediieval  and  modem  Greek  in  this  reign  of  exuberant  new  phrase- 
ology ;  but  I  can  do  no  more  than  simply  allude  to  them  here,  and 
refer  Uie  inquirer  shortly  to  Kind's  little  Eomaic  dictionary,  or  any 
work  of  the  same  kind,  where  he  can  scarcely  run  his  eye  down  a 
column  without  encountering  some  new  word  of  rare  poetic  power  and 
beauty,  formed  according  to  the  truest  analogy  of  genuine  Hellenic 
speech.  On  the  other  hand  I  have  not  the  slightest  wish  to  conceal 
the  &ct  that  there  are  certain  changes  marking  the  physiognomy  of 
modem  Greek  which  fall  strictly  under  the  category  of  corruption, 
and  which  to  the  eye  of  the  philologer  appear  just  as  false  as  an 
ornament  in  architecture,  not  organically  growing  out  of  the  con- 
struction, as  all  true  ornament  does.  Such,  for  example,  are  the 
terminations  lAAo,  U^a^  and  oihttucos,  in  diminutives,  and  the  termi- 
nation aros  in  adjectives,  as  in  yc/iaro9  from  yc/tco,  borrowed  from  the 
Latin,  and  with  which  the  verses  of  Ftochoprodromus  are  plentifully 
interlarded. 

The  first  and  most  universal  form  of  corruption  to  which  all 
languages  are  subject,  is  cubtatlment.  From  motives  of  indolence, 
haste,  or  convenience,  polysyllabic  words  are  likely  to  be  shortened 
in  various  ways ;  sometimes  amputated  in  the  front,  as  when  the 
American  says  *cuie  for  acute;  sometimes  at  the  end,  as  when  an 
Italian  says  amor  ioir  amore ;  sometimes  by  retaining  the  initial  and 
final  coii8onantB,-and  crumpling  up  the  middle,  as  when  the  German 
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says  Pflngst  for  PerUecoBt.  Of  all  these  methods  of  cnrtailineiit  we 
have  copious  examples  in  modem  Greek.  Of  initial  amputation,  or 
what  the  grammarians  call  aphcBreBtSj  Xiyoi  for  6A/yo9,  irurco  for  diruroi, 
mapucd  for  ^ircupuco,  may  serve  as  specimens ;  they  include  a  large 
class,  practised  generally  by  the  uneducated,  though  from  persons 
who  have  any  pretensions  to  culture,  at  this  time  of  day  they  may  be 
scarcely  acknowledged.  Of  the  final  amputations,  or  what  tiie  gram- 
marians call  apocope,  by  fiur  the  most  striking  are  the  cutting  off  of 
the  V  from  the  termination  of  nouns,  and  of  the  ov  from  that  of  diminu- 
tives. Thus  for  KoXov  we  have  koXo,  and  for  koXov  iraiScbv,  koXo  ircuSt. 
Words  thus  amputated  do  not  offend  the  ear,  and  their  true  character 
is  generally  not  difficult  to  recognize.  But  when  both  head  and  tail 
are  cut  o%  as  sometimes  happens,  then  only  the  practised  philologer 
will  easily  recognize  to  what  animal  the  remanent  trunk  belongs. 
4^apt,  9k fish  ;  fuiri,  an  eye;  Aa8i,  oil ;  $vSif  vinegar ;  and  cnr^i, a  house, 
are  all  old  classical  words  amputated  before  and  behind;  but  only 
the  scholar,  by  restoring  their  perfect  forms,  could  spell  out  their 
signification — wpapvov,  o/t/tariov,  IXa&ov,  d^iSvov,  hoepiiium.  But  this 
double  amputation,  how  strange  soever  it  may  appear  to  us  in  modem 
Greek,  is  one  of  the  common  processes  according  to  which  German 
has  passed  into  English.  Thus  English,  fought;  old  English, 
foughten ;  German,  gefochien.  In  the  Greek,  this  same  tendency  to 
curtailment  which  induced  us  to  reject  the  ge  of  the  past  participle, 
led  the  Epirotic  ballad  makers  to  say  ypofu/Uyo^  for  yrypa/ifieyo^,  and 
8acricaXo9  for  St^cuncaXos.  A  very  peculiar  form  of  curtailment  appears 
in  Romaic,  when  the  governing  preposition  coalesces  with  the  definite 
article,  as  where  arav  iroXw  stands  for  h  rav  irdXiv,  which  the  Franks, 
who  heard  it  with  the  ear,  without  the  understanding,  corrupted  into 
the  well  known  Stamboul.  In  the  same  way  h  rav  Ka>  became  Stanco. 
In  like  manner  the  Italians  say  pel  for  per  lo,  and  nel  for  in  eUo,  Of 
syncope,  or  curtailment  by  the  retention  of  the  final  consonants,  with 
the  slurring  of  the  intermediate  letters,  we  have  the  most  notable 
examples  in  Xcv  for  \4yow  (t.  e.  k^yovri,  Doric  for  Xryoucri),  irav  for 
wdyovVf  if>av  for  <f>dyovv,  and  a  few  others  of  the  same  kind.  Of 
crasis,  which  is  akin  to  syncope,  and  technically  denotes  the  form 
of  curtailment  so  common  in  Sanscrit,  which  takes  place  when  the 
final  vowel  of  the  preceding  word  flows  into  and  forms  a  new  vocalic 
compound  with  the  initial  vowel  of  the  immediately  following  word, 
we  have  in  Bomaio  such  examples  as  vaXOrj,  or  vdp&rf,  for  Iva  ViOrjy 
Tia)(€t  for  TO  ^x€i,  irdip^ofjiaL  for  ttov  Hpxpfiai,  rSrtra  for  to  Iitto,  and  a  few 
more.  But  we  must  by  no  means  allow  ourselves  to  suppose  that 
because  curtailments  and  amputations  jof  various  kinds  are  frequent 
in  modem  Greek,  this  dialect  of  the  Hellenic  is  therefore  specially 
marked  by  a  meagre  and  monosyllabic  character.  On  the  contrary, 
the  tendency  to  polysyllabic  structure  and  composition  is  so  strong 
in  Greek  that  it  recreates  in  one  direction  what  it  has  destroyed  in 
another;  besides  that  the  amputated  forms  of  polysyllabic  classical 
words  are  very  seldom  monosyllables,  as  when  in  English  the  German 


500         FrofemoT  Blaekie  an  the  PhUologieal  Oharader        [April  26, 

abolished.  For  ^C^fu  we  have  Si8(i>,  for  TtBrjfUj  Oerlo ;  wMle  for  the 
irregular  aorists  IScoKa  and  (BtfKOj  appear  &ixra  and  ^co-cu  Among 
the  declensions  there  is  a  manifest  &yoar,  for  the  first  in  a«  and  a ; 
which  leads,  in  a  large  class  of  cases  to  the  ignoring  of  the  third 
declension  altogether,  and  the  conyersion  of  its  accusative  case — after 
the  analogy  of  the  Italian — into  a  new  nominative  of  the  first  de- 
clension. Thus  iraripa  is  assumed  as  the  base  of  a  new  nominative 
irdr^g  declined  after  the  norm  of  the  first  declension,  and  ire8iaSa  the 
accusative  of  ttcSw,  takes  the  place  of  ?r€$tbv  as  a  feminine  of  the  first 
declension.  By  the  same  instinct,  the  irregular  comparative  and 
superlative  forms  of  icoXos,  troXv^  and  fieya?  have  disappeared,  and 
fcoXi^cpos,  7roAAoraro9,  and  ^cyaAorraros  usurp  their  place. 

So  much  for  variations  in  the  form  6f  words  taken  singly ;  but 
there  are  changes  of  no  loss  importance  in  the  manner  of  combining 
words  together  to  form  a  sentence — what  we  call  syntax.  Now,  as  the 
moods  and  tenses  of  the  verbs  are  the  princijuJ  engines  by  which  the 
dependency  of  one  claase  on  another  is  expressed,  it  is  manifest  that 
changes  in  the  syntax  of  such  a  finely  articulated  language  as  the 
Qreek  must  imply  changes  in  the  verb ;  and  these  changes  appear 
principally  in  the  form  of  loss  or  curtailment  already  mentioned. 
The  two  principal  losses  which  the  verb  has  suffered,  producing 
striking  changes  in  the  syntax,  are  those  of  the  optative  and  the  in- 
finitive mood.  The  loss  of  the  optative,  which  in  the  New  Testament 
has  already  been  curtailed  of  the  largest  part  of  its  original  domain, 
leads  to  the  habitual  violation  of  the  law  so  strictly  observed  by  the 
Boman  writers,  called  consecutio  temporum,  that  is  to  say,  the  law  by 
which — to  illustrate  the  matter  from  our  own  usage,  a  dependent 
clause  with  might,  could,  would,  or  should,  the  equivalents  of  the  Greek 
optative,  must  regularly  follow  a  principal  clause,  with  the  leading 
verbs  in  the  past  tense,  wkich  sequence  in  fact  is  only  the  pre- 
servation of  a  natural  and  very  obvious  congruity.  If,  instead  of 
observing  this  plain  rule,  the  modem  Greek  uses  a  form  of  speech 
which,  translated  into  English,  would  sound  thus — I  advised  you 
to  do  80,  that  you  mat  he  aware  of  the  difficulties  of  the  case,  he  certainly 
has  sacrificed  the  perfect  logical  consistency  of  his  syntax,  but  happily 
without  the  least  harm  either  to  the  intelligibility  or  the  euphony  of 
his  sentence.  Another  scarcely  less  awkward  loss  which  the  verb 
has  suflFcred,  is  the  entire  disappearance  of  the  infinitive  mood,  for 
which,  after  the  Latin  fashion,  the  subjunctive  mood  with  the  con- 
junction va  for  Iva  is  substituted.  This  is  simply  the  making  universal 
of  the  common  English  formula,  occurring  in  such  a  sentence  as 
It  is  too  had  that  you  should  do  so;  where  in  classical  Greek  the 
accusative  before  the  infinitive  was  the  only  tolerated  construction. 
Another  very  serious  loss  to  the  verb  is  that  not  only  of  the  pluper- 
fect tense — very  little  used  by  the  Attic  writers  themselves^but  also 
of  the  future,  and  the  compensation  for  both  losses  by  the  modem 
device  of  auxiliary  verbs.  No  less  significant  of  declension  from  the 
ancient  classical  syntax  is  the  total  absence  of  the  dative  case   of 


502  ProfMor  Blackie  on  the  Philological  Character        [April  26, 

diphthongs  that  could  not  originally  Lave  heen  so  confounded,  is  but 
the  culmination  of  a  certain  "gracilitas"  which  Quintilian  noted  in  his 
day  as  one  of  the  most  distinctive  peculiarities  of  classical  Greek.  As 
for  the  accents,  thanks  to  Aristophanes  of  Byzantium,  the  inventor  of 
the  familiar  accentual  marks,  and  the  service  of  a  patriotic  church,  the 
popular  ear  has  wandered  from  the  old  path  in  this  matter,  only  in  a 
very  few  and  comparatively  unimportant  instances.  In  the  general 
case  the  modem  accent  remains  faithful  to  ancient  usage ;  and  the 
fiftct,  which  some  learned  men  persist  in  doubting,  that  the  Greek 
accent,  like  the  Latin,  actually  did  mean,  not  only  elevation  of  tone, 
but  increase  of  stress  or  emphasis  on  the  accented  syllable,  stands 
out  everywhere  with  unmistakable  distinctness  in  the  great  army 
of  words  curtailed  of  their  initial  syllable  to  which  we  above  (p.  498) 
directed  special  attention.  For  in  these  words,  in  every  case  it  is  the 
unaccented  syllable,  as  in  Scv  for  oi^cF,which  fiedls  off,  and  not  the 
contrary. 

How  far  the  euphony  of  the  language  has  been  affected,  or,  per- 
haps, turned  into  a  cacophony  by  any  of  the  habits  of  modem  Greek 
orthoepy,  is  to  be  determined,  not  by  picking  out  individual  words 
seamed  with  a  special  scar,  as  is  sometimes  done,  but  by  the  general  im- 
pression which  the  language  makes  on  the  ear  when  used  by  those  who 
use  it  for  the  purpose  of  producing  an  SBsthetical  effect.  That  vasilefsj 
for  instance,  iho  Neo-Hellenic  utterance  of  /SourcAevs,  is  a  less 
melodious  word  than  the  same  word  pronounced  in  the  customary 
English  fjEishion  may  be  quite  true ;  in  all  languages,  and  not  least  in 
English,  there  are  single  words  which,  when  pronounced  most  rightly, 
are  not  pronounced  most  beautifully ;  but  the  general  aesthetic  effect 
of  a  language  is  not  sensibly  affected  by  such  occasional  cacophonies. 
As  to  a  certain  feebleness  of  vocalization  supposed  to  bo  produced  by 
the  Itacism,  it  ought  to  be  remembered  that  the  instinct  of  the  popular 
ear,  like  the  instinct  which  guides  the  poet,  will  lead  the  people  to 
avoid  the  near  repetition  of  identical  sounds,  and  there  may  thus  in 
actual  practice  be  no  greater  danger  of  satiating  the  ear  with  a  sur- 
charge of  the  slender  i,  than  in  English  we  feel,  when  we  have  occasion 
to  use  such  words  as  facility,  docility,  agility,  inanition,  Elysian,  pre- 
cision, and  such  like.  As  a  matter  of  fact,  I  can  state  that  in  going 
through  the  Erotocritos,  a  poem  nearly  as  long  as  the  Odyssey,  and 
the  Klephtic  ballads  in  Passow's  collection,  my  ear  was  never  dis- 
agreeably struck  with  any  predominance  of  the  sound  ee.  On  the 
contrary,  the  broad,  full,  and  peculiarly  Greek  sounds  of  a  and  oo, 
(English  oo),  appeared  to  me  to  preponderate.  Feebleness  certainly, 
or  tenuity  of  sound,  is  the  last  charge  that  can  be  brought  against 
such  lines  as 

'0\rifi9povKa  iroXc/u^,  rh  fipdiv  KapaovXi, 

or 
:iKoru>y€i  rovs  *AyaprfvovSt  ircfoCpo  Koi  Kti$d\rj. 

or 
IIoXA^  fiavplWri  fpx*rai,  fiavpii  chv  KoAtaKovSi. 
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from  Passow,  or 

2Ay,  Sroy  fit(row4\aya  9vh  Aytfioi  aTiKw0ov<ri 

*E^d^if0Vi  icol  fih  riiv  ^toirr^v  Avauvras  iroXcftovcri, 

Mdxoyrai  fih  r^v  Odkcurtrew^  fuufiCovp  koI  ^ovffK^poWt 
Tats  i^txa^i^tf  tou  yia\ov  <rra  pi^aXa  <niiaiyovr ; 
"Eifos  ^MTf  cnr*  'AvoroA^  k\  &Wos  inrb  r^y  A^(ri 

n<i<rx((  ^  fiof^as,  koI  fidx^Tcu  rhv  Vf6T0P  yk  yiK^ffri, 

from  Comaro;  and  if  this  alleged  offence  of  the  Itacism  be  practi- 
callj  of  80  little  significance,  it  is  needless  to  remark  that  the  other 
prominent  peculiarity  of  modem  Greek  assthetical  composition,  vis. 
the  substitution  of  accentual  for  quantitative  rhythm,  does  not  in  the 
slightest  degree  mar  the  euphony  of  Bomaic  yerse.  The  same 
substitution,  as  everyone  knows,  took  place  both  in  Italian  and  in 
the  hymnology  of  the  Latin  Church ;  and  in  both  cases  not  to  the 
damage  of  harmony,  but  with  the  creation  of  a  new  harmony,  which 
may  justly  take  its  place  as  the  legitimate  sister  of  the  old. 

I  have  said  nothing  hitherto  of  that  element  of  adulteration  from 
foreign  sources  which  generally  appears  when  an  old-established 
language,  like  Latin  or  Greek,  begins  to  be  shaken  out  of  its  original 
compactness.  Li  Italian  and  French  the  Teutonic  element  occurs  not 
scantily  sprinkled  through  the  mass  of  the  old  Latin  ;  and  in  modem 
Greek,  likewise,  every  foreign  influence  which  lasted  long  enough  for 
the  purpose,  was  sure  to  leave  its  visible  print  on  the  face  of  the 
spoken  dialect.  So  Byzantine  Greek  came  to  be  spotted  with  Latin, 
the  Greek  of  the  mediteval  Turkish  kingdoms  with  French  and 
Italian,  and  the  Greek  of  the  Epirotic  Klepths  with  Turkish  and 
Albanian.  But  the  peculiarity  of  the  Greek  as  contrasted  with  the 
French  and  Italian  was  and  is  that  the  foreign  elements,  by  which  it 
was  at  different  times  corrupted,  were  only  attached  externally  to  the 
original  organism,  not  worked  into  the  blood  and  bone ;  so  that,  like 
the  scurf  of  a  cutaneous  disease,  when  the  national  health  revived, 
they  were  naturally  cast  ofi^  and  this  so  completely,  that  at  the 
present  day  the  occurrence  of  a  foreign  word  in  a  Greek  sentence  is 
as  rare  as  the  sight  of  a  Turk  in  the  streets  of  a  Greek  city. 

I  may  conclude  the  present  hasty  sketch  of  philological  features 
with  two  speculative  remarks,  the  one  retrospective,  the  other  pro- 
spective. Casting  the  eye  backward  into  the  earliest  history  of 
Hellenic  speech,  the  question  may  well  be  asked  how  far  the  present 
form  of  the  language  is  to  be  looked  on  as  the  revival  of  the  old 
Aeolo-Doric  dialect,  which  had  so  long  been  suppressed  by  the  graceful 
tyranny  of  the  Attic ;  and  to  this  question  one  answer  lies  very  much 
on  the  surface,  viz.  that,  as  from  the  very  nature  of  the  case  a  certain 
sprinkling  of  non- Attic  peculiarities  was  to  be  expected,  and  specially 
of  the  widely-dominant  Doric,  so,  in  point  of  fact,  such  a  sprinkling 
does  undeniably  discover  itself.  The  favourite  as  of  the  masculine 
agent  in  the  first  declension  is  certainly  Doric.  Doric  also  is  {71^ 
for  CrfTtiy  rrjp^  for  TT/pci ;  and  not  less  reifw  for  too-ctw,  and  other  verbs 
of  the  same  flexion.     On  the  other  hand,  the  favourite  change  of  o 
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and  0)  into  oo  as  in  KovSowi  for  koj&dv  is  lonio ;  and  more  distinctly 
the  slender  rj  instead  of  a  in  the  nominative  mngular  feminine  of 
adjectives  in  po9  as  in  fmvpi^  for  fwvpd.  To  me,  upon  the  whole, 
judging  by  the  impression  on  the  ear,  the  Doric  seems  the  more 
potent  of  the  two  elements ;  it  is,  however,  scarcely  so  marked  as  to 
justify  the  special  designation  of  Aeolo-Doric,  by  which  some  ^writers 
have  wished  to  baptize  the  present  form  of  the  spoken  dialect. 

The  prospective  question  which  a  conjectural  glance  into  the 
future  suggests,  is  simply  this,  how  far  is  it  probable  that  the  Greek 
language  in  its  present  state  will  survive  any  changes  in  the  political 
system  of  Europe  which  the  events  of  the  next  centuries  are  likely  to 
produce?  To  this  question  the  answer  seems  plain.  There  is  no 
likelihood  that  a  language  which  has  survived  so  many  changes  of 
political  decrepitude  at  home,  and  political  violence  from  abroad,  will 
be  perniciously  affected  by  any  changes  likely  to  take  place  in  the 
balance  of  the  European  system.  As  long  as  the  Greek  kingdom, 
the  creation  of  three  strong  and  jealous  powers,  shall  stand,  even  with 
the  meagre  amount  of  success  of  which  hitherto  it  has  been  able  to 
boast,  so  long,  as  a  matter  of  course,  must  the  Greek  language  in  its 
present  Avatar  of  restored  beauty,  go  on  prospering  and  to  prosper. 
Should  the  little  kingdom,  on  the  other  hand,  be  snuffed  out  some 
day,  and  become  a  part  of  one  of  the  great  empires  that  came  forward 
to  nurse  its  cradle,  most  probably  of  Russia,  in  this  case  also  there  is 
not  the  slightest  reason  to  fear  that  a  cultivated  language,  so  rich  in 
powerful  intellectual  tradition  as  the  Greek,  should  ^ve  way  t.i 
Slavonic  in  the  same  way  that  Gaelic,  in  the  Scottish  J3!ighlands,  is 
now  giving  way  to  the  Saxo-Latin  speech  of  the  men  of  the  Low 
country.  Russia,  besides,  could  have  no  motive  that  should  induce 
her  to  wish  to  stamp  out  Greek  in  Athens,  in  the  same  way  that  she 
is  endcavouriug  to  stamp  out  Polish  in  Warsaw.  The  relation  betwixt 
Greece  as  an  incorporated  part  of  Russia  and  the  great  Muscovite 
Empire,  would  rather  be  one  of  the  most  friendly  description ;  and 
the  Czar  would  be  forced  to  preserve  the  language  of  the  Greek  Church 
and  the  Greek  intellect,  as  one  of  the  brightest  gems  in  his  crown. 
The  Russian  clergy,  in  fact,  would  be  more  ready  to  be  Hellenized  by 
studying  Chrysostora  and  St.  Basil,  than  the  Greek  people  would  be 
to  sink  their  aristocratic  nationality  in  a  Slavism  of  huge  geographical 
amplitude,  but  without  intellectual  power  or  literary  prestige.  And 
in  this  way  the  same  captive  Greece  that  conquered  Rome  two 
thousand  years  ago,  may  before  the  lapse  of  another  century  have 
conquered  Petersburg  and  Moscow ;  and  then  the  day  may  not  be 
far  distant  when,  to  realize  the  bright  imagination  of  an  illustrious 
French  Hellenist,*  the  formal  and  meagre  Latin  shall  give  place 
to  the  flexible  and  luxuriant  Hellenic,  as  the  Catholic  organ  of 
intellectual  intercourse  between  educated  men  of  all  nations,  from 
the  Ganges  to  St.  Francisco. 

[J.  S.  B.] 


*  Monsieur  Gusiav  d'Eichthal. 
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ANNUAL  MEETING, 

Wednesday,  May  1,  1872. 

Sib  Hjbnrt  Holland,  Bart.  M.D.  D.CX  F.R.S.  President, 

in  the  Chair. 

The  Annual'  Beport  of  the  Committee  of  Visitors  for  the  year 
1871  was  read  and  adopted. 

Sixty-six  new  members  were  elected  in  1871. 

Sixty-three  Lectures  and  Twenty  Evening  Disoonrses  were 
delivered  during  the  year  1871. 

The  Books  and  Pamphlets  presented  in  1871  amounted  to  115 
volumes,  making,  with  those  purchased  by  the  Managers,  a  total  of 
217  volumes  added  to  the  Library  in  the  year,  exclusive  of  periodicals. 

Thanks  were  voted  to  the  President,  Treasurer,  and  Secretary,  to 
the  Committees  of  Managers  and  Visitors,  and  to  the  Professors,  for 
their  services  to  the  Institution  during  the  past  year. 

The  following  (Gentlemen  were  unanimously  elected  as  Officers  for 
the  ensuing  year : — 

PRKsroiNT— Sir  Henry  Holland,  Bart  M.D.  D.C.L.  F.R.8. 
Treasurer— William  Spottiswoode,  Esq.  LL.D.  "NLA,  F.RS. 
Secretary — Henry  Bence  Jones,  M.A.  M.D.  D.CX.  F.R.S. 


Managers. 

George  Berkley,  Esq.  C.E. 

William  Bowman,  Esq.  F.R.C.S.  F.R.S. 

George  Busk,  Esq.  F.R.C.S.  F.R.S. 

John  PeUr  Gassiot,  Esq.  D.C.L.  F.R.S. 

Sir  John  Lubbock,  Bart.  M.P.  V.P.R.S. 

George  Macilwain,  Esq.  F.R.C.S. 

John  Carrick   Moore,   Esq.  M.A.   F.R.S. 

F.G.S. 
William  Pole,  Esq.  UJl.  F.R.S. 
Sir  W.  Frederick  Pollock,  Bart.  M.A. 
The  Earl  of  Rosse,  B.A.  D.C.L.  V.P.R.S. 
Robert  P.  Roupell,  Esq.  M.A.  Q.C. 
Gen.   Sir   I->lward  Sabine,    RJi.    K.CJB. 

D.C.L.  V.P.R.S. 
The   Marquis  of  Salisbury,  MX   F.R.S. 

Chanc  Univ.  Ox. 
Charles  William   Siemens,    Esq.    D.C.L. 

F.R.S. 
Sir  Charleb  Wheatstone,  D.C.L  F.R.S. 


Visitors. 

John  Charles  Burgojue,  Esq. 

George  Frederick  Chambers,  Esq.  F.R.A.S. 

Erasmus  Darwin,  Esq. 

Edward  Frankland,    Esq.  D.C.L.   F.RJ3. 

Pres.  Chem.  S. 
Thomas  Williams  Helps,  Esq.  M.A. 
Thomas  Hyde  Hills,  K^q. 
Thomas  Lee,  Esq. 

Robert  Pilkington  Linton,  Esq.  F.R.aS. 
William  Millar,  Esq. 
St.  George  Mivart,  Esq.  F.R.S.  F.L.S. 
Major-General  Richard  Comwallis  Mocra, 

R.A.  C.B. 
Ell  ward  Henry  Moscrop,  Esq. 
The  Lord  Josceline  W.  Percy. 
Biu>il  Woodd  Smith,  Esq. 
Michael  Wilis,  Esq. 
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WEEKLY  EVENING  MEETING, 

Friday,  May  3,  1872. 

Sib  Henby  Holland,  Bart  M.D.  D.C.L.  F.B.8.  President, 

in  the  Chair. 

William  Spottiswoodb,  Esq.  LL.D.  M.A.  Treasurer  R.S.  and  R.I. 

On  Optio(d  Phcenomena  produced  hy  Cry$tals  submitted  to  Circularly 

Polarized  Light. 

On  a  former  occasion  I  exhibited  some  phsBnomena  depending  upon 
circular,  or,  as  it  was  then  also  called,  successive,  polarization,  4Uid  in 
particular  I  adopted  and  explained  a  method  for  producing  circularly 
polarized  light  devised  by  Sir  Charles  Wheatstone.  I  propose  on  the 
present  occasion  to  pursue  the  subject  into  some  of  its  ulterior  con- 
sequences. In  terms  of  the  wave  theory,  light  is  said  to  be  circularly 
polarized  when  the  vibrations  are  circular,  as  distinguished  from  plane 
polarization,  when  they  are  rectilinear.  And  further,  it  is  known 
from  mechanical  principles  that  a  circular  vibration  may  always  be  pro- 
duced by  the  combination  of  two  rectiline€ur  vibrations,  the  amplitude8 
or  extents  of  which  are  equal,  and  whereof  one  is  in  advance  or  in 
rear  of  the  other  by  one  or  by  any  odd  number  of  quarter-wave  lengths. 
In  the  former  of  tlicse  cases  the  circular  motion  will  take  place  in 
one  direction,  say  right-handed ;  in  the  latter  in  the  opposite,  say 
left-handed.  The  contrivance  used  for  producing  circular  polarization 
this  evening  is  known  by  the  name  of  a  "  quarter-undulation  plate," 
and  consists  of  a  plate  of  mica  split  to  such  a  thickness  that  one  of 
the  two  rays  into  wliich  plane  polarized  light  is  divided  on  entering 
it  is  retarded  by  an  odd  number  of  quarter- wave  lengths  behind  the 
other. 

The  optical  phaDnomena  produced  by  crystals  when  submitted  to 
polarized  light  are  usually  divided  into  two  classes,  viz.  (1)  those 
arising  from  the  use  of  parallel  light,  and  consisting  of  broad  sheets 
of  colour ;  and  (2)  those  due  to  convergent  light,  and  consisting  of 
the  rings  and  brushes,  the  general  character  of  which  is  well  known. 
I  propose  to  take  a  few  specimens  from  each  class,  and  to  examine 
the  modifications  which  the  known  phaBnomena  undergo  when  the  light 
is  both  polarized  and  analyzed  circularly,  i.e.  when  one  quarter- 
undulation  plate  is  interposed  between  the  polarizer  (Nicol's  prism) 
and  the  crystal  to  bo  examined,  and  the  second  between  the  crystal  and 
the  analyzer  (Nicol's  prism). 
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In  the  first  place,  it  is  known  that  if  a  plate  of  selonite  be  placed 
in  an  ordinary  apparatus  when  the  polarizer  and  analyzer  are  either 
parallel  or  crossed,  there  are  four  positions  at  90°  apart  in  which  the 
plate  will  produce  colour ;  and  further,  that  if  the  analyzer  be  turned 
through  90°  the  same  result  will  be  obtained,  except  that  the  colour 
will  be  complementary  to  that  first  seen.  The  intensity  of  the  light 
at  any  given  point  is  then  given  by  the  formula : 

e 
COS.*  8  —  sin.  2  I  sin.  2  (i  —  s)  sin.*  -  i 

where  t  and  s  are  the  angles  made  with  the  original  plane  of  polar- 
ization by  the  principal  sections  of  the  crystal  and  of  the  analyzer 
respectively,  and  d  is  the  retardation. 

K,  however,  the  two  quarter-undulation  plates  (say  the  plates  A 
and  B)  be  introduced,  the  light  undergoes  the  following  processes : — 
First,  it  is  plane  polarized  by  the  polarizer ;  secondly,  the  plate  A 
being  placed  so  that  its  axis  is  inclined  at  ±  45°  to  the  original  plane 
of  polarization,  the  light  undergoes  right  or  left  handed  circular 
polarization,  and  in  that  condition  falls  upon  the  crystal ;  thirdly,  in 
their  passage  through  the  crystal  C  the  rays  are  each  divided  into 
two,  whose  vibrations  are  at  right  angles  to  one  another,  and  whereof 
one  is  retarded  in  proportion  to  the  thickness  of  C;  fourthly,  the 
plate  B  being  placed  so  that  its  axis  is  parallel  or  perpendicular  to 
that  of  A,  each  of  these  sets  of  rays  is  circularly  polarized,  one  set 
right-handed  and  the  other  left-handed ;  fifthly,  tiiese  two  oppositely 
circularly  polarized  sets  of  rays  combine,  according  to  known  me- 
chanical laws,  on  emerging  from  B  into  plane  rays,  in  which  the  planes  of 
polarization  of  the  different  colours  of  the  spectrum  are  turned  through 
different  angles.  Hence  finally  by  turning  the  analyzer  round  wo 
shall  cross  these  various  planes  in  turn  and  successively  extinguish 
the  different  colours,  leaving  the  complementary  colours  visible.  The 
system  of  plates  A  0  B  consequently  acts  in  this  respect  like  quartz. 
It  is,  however,  to  be  observed  that  if  the  plate  B  be  turned  from  one 
of  the  two  proposed  positions  to  the  other,  the  directions  of  motion 
in  the  two  emergent  circularly  polarized  rays,  and  consequently  the 
planes  of  polarization  of  the  different  colours,  will  be  reversed ;  in 
other  words,  with  the  plate  B  in  one  position  we  shall  imitate  a  right- 
handed,  with  the  plate  B  in  the  other  a  left-handed,  quartz.  The 
intensity  of  the  light  at  any  point  is  then  given  by  the  formula : 

sin.'  -  for  one  podtion, 

$ 
006.'  ^  for  the  other. 

Again  if,  the  plates  A  B  retaining  either  of  the  positions  before 
indicated,  the  crystal  C  be  turned  round  in  its  own  pluie ;  then,  since 
the  light  emerging  from  A  and  B  is  circularly  polarized,  it  has  lost 
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all  traco  of  direction  with  reference  to  the  positions  of  the  polarizer 
and  analyzer,  and  consequently  no  change  of  tint  will  be  obserred. 
The  same  is  abundantly  clear  from  the  formula  written  above,  because 
the  only  term  it  contains  depends  upon  the  retardation  within  the 
crystal  C.     This  experiment  was  made  by  Airy. 

If  the  plates  A  and  B  have  their  axes  directed  46°  on  either  side 
of  the  axis  of  C,  and  the  three  plates  be  turned  round  as  one  piece, 
the  colour  will  remain  unchanged ;  while,  if  the  analyzer  be  turned, 
we  have  the  colours  shown  in  the  regular  order.  If  tibe  plates  A  and 
B  have  their  axes  directed  at  45^  on  the  same  side  of  the  axis  of  C, 
and  the  pieces  be  turned  round  bodily  as  before  the  colours  change 
in  the  same  order  as  above,  and  go  through  their  cvcle  once  in  every 
90°  of  rotation ;  and  if  the  analyzer  be  turned  in  the  same  direction, 
the  colours  change,  but  in  the  reverse  order.  The  explanation  of  this 
is  to  be  found  in  the  fact  that  when  the  plates  A  and  B  are  crossed, 
the  retardation  due  by  A  is  compensated  by  that  due  to  B ;  so  that 
the  only  effective  reta^xlation  is  that  due  to  the  crystal  C.  But  upon 
this  depends  the  rotation  of  the  plane  of  polarization ;  if  therefore 
the  polarizer  and  analyzer  remain  fixed,  the  colour  will  remain 
unaltered.  When  the  plates  A  and  B  have  their  axes  parallel,  there 
is  no  compensation,  and  the  colour  will  consequently  change.  This 
experiment  was  made  by  Fresnel.  The  mathematical  expressions  for 
the  intensity  of  the  light  in  the  two  cases  respectively  are : 

cofl.' ( ;  +  ••  +  I) ,  and  co«.«  (y  -  •  - 1) , 

where  t  is  the  angle  made  by  the  principal  sections  of  A  with  that 
of  the  polarizer,  and  j  that  of  the  principal  section  of  B  with  that  of 
the  analyzer.     The  first  expression  is  obviously  unchanged  when  the 

angle  between  the  polarizer  and  analyzer,  viz.  ^  -f-i  -f-/,  is  unchanged. 

It  should  be  added  that  the  rotation  of  the  plane  of  polarization, 
and  consequently  also  the  sequence  of  tints,  does  not  follow  exactly 
the  same  law  in  the  above  cases  as  in  quartz. 

We  now  come  to  the  case  of  convergent  light,  that  is,  to  the  phie- 
nomena  of  crystal  riugs.  And  let  us  examine  the  effects  produced 
by  the  same  arrangement  as  before,  viz.  two  quarter-undulation  plates 
A,  B,  one  in  front  and  one  behind  the  crystal  C.  To  quote  from 
Mr.  Airy : — "  The  first  thing  that  strikes  us  in  this  combination  is 
that  there  is  notliing,  except  in  the  crystal,  that  has  any  respect  to 
sides.  For  the  only  incident  light  is  circularly  polarized;  the  only 
light  allowed  to  emerge  is  circularly  i)olarized.  The  appearance 
therefore  of  tlie  coloured  rings,  &c.,  must  be  such  as  conveys  no  trace 
of  any  plane  of  polarization,  and  must  not  vary  as  the  crystal  is  turned 
round.  In  the  common  exhibition  of  the  coloured  rings  the  principal 
trace  of  the  planes  of  polarization  is  in  the  uncoloured  brushes.  In 
uniaxal  crystals  they  form  an   eight-rayed  star,  composed  of  two 
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or  135^  iho  expression  is  independent  of  b,  t.  e,  the  intensity  is  the 
same  thronghont  circles  about  tne  centre,  bat  that  when  the  polarizer 
and  analyzer  are  crossed  we  have  an  expression  of  the  form 

i  (1  d:  Bin.  2  6  sin.  9)» 

the  sign  of  the  second  term  depending  upon  the  direction  in  which 
the  analyzer  has  been  tamed,  and  also  npon  the  sign  of  0,  that  is, 
upon  the  character  (positire  or  negative)  of  the  crystaL 

The  dispersion  of  the  planes  of  polarization  effected  by  the  pas- 

Xof  plane  polarized  li^t  throagh  a  plate  of  quartz  cat  perpendi- 
to  the  axis  may  be  rendered  visible  by  interposing  such  a  plate 
of  quartz  between  the  polarizer  and  a  aniaxal  or  biaxal  crystal,  when 
the  analyzer  is  at  90°,  t.  e,  when  dark  brashes  are  formea.  In  this 
case  the  brashes  cease  to  be  black  and  are  tinged  throaghoat  with 
coloar.  The  analyzer  mast,  however,  be  tamed  back  or  forward,  ac- 
cording as  the  qaartz  be  right-handed  or  left-handed,  in  order  that  it 
may  cross  in  saccession  the  planes  of  polarization  of  the  different 
ooloared  rays,  and  so  prodace  the  most  vivid  effects.  The  dispersion 
of  the  brashes  by  a  plate  of  qaartz  may  however  be  studied  by  employ- 
ing an  additional  polarizer  and  qaartz  plate  between  the  source  of 
light  and  the  whole  system  previously  used*  By  turning  this  polar- 
izer round  we  extinguish  eadi  ray  of  the  spectrum  in  turn  and  tint 
the  whole  field  wiu  the  complementary  colour.  The  brushes  will 
then  appear  to  revolve  about  their  centres  as  the  tints  vary  conti- 
nuously from  one  end  of  the  spectrum  to  the  other.  If  the  polarizer  bo 
turned  still  farther  round,  the  tints  which  had  changed  continuously 
from  red  to  violet,  or  vice  versdy  change  suddenly  from  violet  to  red, 
or  vice  versd^  and  the  brashes  jump  suddenly  back  to  their  original 
position. 

This  last  optical  arrangement  maybe  employed  to  examine  the 
more  important  phaBnomcna  of  the  dispersion  of  the  optic  axes  pro- 
duced, not  by  a  quartz  plate  between  the  usual  polarizer  and  crystal, 
but  by  certain  biaxal  crystals  themselves. 

[W.  S.] 
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OENEBAL  MONTHLT  MEETING, 

Monday,  May  6,  1872. 

Sib  Hsnbt  Holland,  Bart  M.D.  D.CIj.  F  JLS.  President, 

in  the  Ohair. 

The  following  Vice -Presidents  were  nominated  for  the  ^Timi'"g 
year: — 

The  Marqnis  of  Salisbury. 

The  Earl  of  Bosse. 

General  Sir  Edward  Sabine. 

William  Spottiswoode,  Esq.  the  Treasurer. 


John  Eric  Erichsen,  Esq. 
Charles  Howard,  Esq. 
John  Saunders,  Esq. 
George  Noble  Taylor,  Esq. 

were  eieeted  Members  of  the  Boyal  Institution. 

The  following  letter  was  received  from  the  Right  Hon.  H.  Austin 
Bruce,  the  Secretary  for  the  Home  Department,  in  reference  to  the 
Addreiss  to  Her  Majesty  the  Queen,  adopted  at  the  last  Meeting: — 

«  WHrnsHALL,  16a  Apnl,  1872. 
"Sib, 

'*  I  have  had  the  honour  to  lay  before  the  Queen  the  loyal  and 
dutiful  Address  of  the  President,  Managers,  Visitors,  Professors,  and 
Members  of  the  Boyal  Institution,  on  the  occasion  of  the  illness  of 
His  Boyal  Highness  the  Prince  of  Wales. 

*'  I  have  to  inform  you  that  Her  Majesty  was  pleased  to  reoeiTO 
the  Address  yery  graciously. 

«Iam,Sir, 

M  Tour  obedient  Servant, 

"H.  A.  BBUCE. 
"  Sir  Henry  Holland,  Bart,  dec,  Ac." 

John  Ttndall,  Esq.  LUD.  F  JLS.  was  re-elected  Professor  of 
Natural  Philosophy, 

The  Pbiskhts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same^  vis.: — 

Fbom 
Admaine9f  ImtUtde  o/— Journal,  No.  87.    8to.    1872. 
AgrieviUiral  Socidff  of  f^npland— Journal,  New  Series.  No.  15.    Sto.    1872. 
Awteriean  Academy  o/  ArU  and  Seimee^-^Memoiny  New  Series,  Vol.  X.  Part  1. 

4ta    1868. 
Awterieam  Aaodaikm  for  the  Advaneemenl  of  &<0ne0— Proceedings  of  the  Meeting 

at  Tioy,  New  York,  Aogust,  1870.    Sto.    1871. 

2  M  a 
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Aniiquariei,  Society  q/"— Proceedings,  VoL  V.  No.  S.     8va    1872. 

AiiaUe  Soeidy,  BcyaC—JouruBX,  New  Series.    VoL  V.  Part  2.    8?o.    1872. 

AUronomieal  Society,  itoyoi— Monthly  Notices,  Vol.  XXXIL  Noe.  5,  6.    1872, 

Briiuh  Ardniieeis,  Eoyal  InttUuie  o/— Sessional  Papers,  1871-2.    No.  8.    4to. 

ChenUeal  Society — Journal  for  March,  April,  1872.    Sra 

ComtoaU  Polylechnie  Society,  Bowoi—Thirty-ninth  Annual  Beport.    8vo.    1871. 

Cox,   Edward    W.  E$q,  S.L.  M.BJ.  (iKe  iiuMor)— Spiritualism   answered   by 

Science.    New  Edition.    8vo.    1872. 
fditort— Academy  for  March,  1872.    4to. 
American  Journal  of  Science  for  March,  1872.    870. 
Artisan  for  March,  1872.    4to. 
AthensBum  for  March,  1872.    4to. 
Chemical  News  fur  March,  1872.    4to. 
Engineer  for  March,  1872. 
FomI  Journal  for  April,  1872.    4to. 
Horological  Journal  for  April,  1872.    8vo. 
Journal  of  Gas-Lighting  for  April,  1872.    4to. 
Mechanics'  Magazine  for  April,  1872.    8to. 
Nature  for  April,  1872.    4to. 
Pharmaceutical  Journal  for  April,  1872.    8yo. 
Photographic  News  for  April,  1872.    4to. 
Franklin  IndUtUe— Journal,  No.  555.    8vo.    1872. 
Oeologicdl  Soctefy— Quarterly  Journal,  No.  110.    8to.    1872. 
Girard,  M.  Jtdet  (the  Author)— 1a  Photographie  appliqu^  anx  Etudes  Geogra- 

phiques.    (0 14)     16mo.     1871. 
UAreich,  R,  Esq,  M,BJ,  (the  Author}— AHaa  of  Ophthalmoscopy.  Second  Edition, 

4to.    1870. 
Lubbock,  Sir  John,  Bart  M,P,  F,BJ3.  {the  Author)— Addren  to  the  Anthropolo- 
gical Institute,  January  15,  1872.    (Jour.  Anthrop.  Inst.) 
Mancheder  Literary  and  Philosophical  Society — Proceedings.    VoL  XL    Nos.  11» 

12, 13.    8vo.    1872. 
Jiieehanical  Engineers*  Institution,  Birmingham — Proceedings,  January,  1872.  8vo. 
Medical  and  Cnirurgical  Society,  Boyal — rroceedings,  Part  34.    8vo.     1872. 
Meteorological  Committee  of  the  Boyal  Society — Currents  and  Surface  Temperature 

of  the  North  Atlantic  Ocean.    4 to.     1872. 
Paine,  Martyn,  M.D.  {tJie  Author) — Physiology  of  the  Soul  and  Instinct,  as  distin- 
guished from  Materialism.    8yo.    1872. 
Institutes  of  Medicine.    Ninth  Edition.    8yo.     1870. 
Photographic  Society — Journal,  No.  232.    8vo.     1872. 
PreiMsidche  Akademie  der  Wissenschaften — Monatsberichte,  Jan.  1872.    8yo. 
Boyal  Society  0/  Edinburgh— TnuoBiciions,  VoL  XXVL  Parts  2,  3.    4to.    1871-2. 

Proceedings,  1870-1.    8vo. 
Boyal  Society  of  London — ^Proceedings,  No.  133.    8vo.    1872. 
Boyal  Society  of  Tasmania — Monthly  Notices  for  1870.    8vo.     1871. 
Statistical  Society— J outuaI,  Vol.  XXXV.  Part  1.    8vo.    1872. 
Symons,  O.  J.  Esq.  (the  Aut?ior) — Bymons'  Monthly  Meteorological  Magazine, 

April.  1872.    8vo. 
United  Service  Institution,  Boyal — Journal,  No.  65a.    8vo.    1871. 
Vereins  zur  Bef&rderung  des  uewerhfleisses  in  Preussen — Verhandlungen,  Okt.  bis 

Dez.  187L    4to. 
Vereins  fiir  Kunst  und  AUerthum  in  Ulm — ^Verhandlungen.    Neue  Beiiie,  Erstes 

Heft.    4to.     1869. 
Victoria  Institute — Journal  of  Transactions,  No.  21.    8vo.     1872. 
Walford,   Weston  S,  Esq.  M.A.  ilf.i?./.— Papworth's  Alphabetical  Dictionary  of 
Coats-of-Arms:  Part  15.    8ro.     1871. 
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WEEKLY  EVENING  MEETING, 

Friday,  May  10, 1872. 

Sib  Hxnbt  Holland,  Bart.  M.D.  D.CJj.  F.B.S.  President, 

in  the  Chair. 

NsYiL  Stobt-Maskeltke,  Esq.  "i/LA.  FJ(.S. 
On  Meteoric  Stones. 

Thx  substantial  unity  of  the  celestial  objects  distinguished  in  common 
language  by  the  names  shooting  or  falling  stars,  fire-balls,  and  meteor- 
ites, and  farther  the  coincidence  in  many  important  respects  of  these 
with  comets,  and  possibly  with  the  zodiacal  light,  were  suggestions 
made  by  Humboldt  in  the  '  Cosmos,'  which  have  received  much  con- 
firmation from  the  subsequent  advance  of  science. 

The  greater  apparent  velocity  with  which  the  ordinary  meteors 
traverse  the  atmosphere  as  compared  with  that  with  which  the  less 
frequent  larger  bodies  are  seen  to  move,  the  marked  periodicity  that 
attends  the  recurrence  of  the  former  in  several,  and  especially  in  two, 
notable  cases  of  meteor-showers,  offer  an  apparent  contrast  between 
these  classes  of  meteors ;  it  is  not,  however,  in  all  probability,  a  real 
contrast,  for  the  one  class  passes  into  the  other  by  every  gradation  in 
the  magnitude  of  the  mass  or  masses  of  which  the  meteor  consists, 
and  consequently  in  the  grandeur  of  the  phenomena  which  accompany 
its  advent.  If  of  the  material  composing  the  ordinary  falling  star  we 
have  never  yet  been  able  to  recognize  any  vestiges  as  reaching  the 
earth,  of  the  meteorite,  on  the  other  hand,  the  mineral  collections 
of  Europe  contain  nmnerous  carefully  collected  specimens,  which  are 
the  fragments  that  have  escaped  the  fiery  ordeal  of  the  transit  through 
our  earth's  atmosphere,  and  in  these  we  recognize  masses  composed 
either  of  iron  (siderites),  or  of  stone  (aerolites),  or  of  a  mixture  of 
the  two  (siderolites).  The  phenomena  associated  with  such  fidls  of 
meteoric  matter  have  been  described  in  very  similar  language  by 
those  who  have  witnessed  them  in  various  parts  of  the  worl^  and 
these  accounts,  whether  coming  from  European  observers  or  from 
Hindoo  herdsmen  (of  which  some  were  read  by  the  lecturer),  concur 
generally  in  the  approach  of  the  meteorite  as  a  fiery  mass,  emanating 
from  a  doud  when  seen  by  day  and  exploding  oftmi  with  successive 
detonations  that  are  heard  over  ^  great  extent  of  country,  even  in 
certain  cases  at  points  more  than  60  miles  distant,  but  finally  reaching 


614  Ifr.  Neva  Starp-MasUifne  [May  10, 

the  earth  with  a  velocity  little  higher  than  what  might  be  dae  to  the 
motion  of  a  falling  body.  Externally  these  meteoric  masses  are 
generally  hot  when  they  fall ;  sometimes,  however,  they  are  not  so : 
the  discrepancies  in  the  accounts  being  explained  by  one  authenticated 
case  in  which  the  mass  was  internally  intensely  cold,  though  at  first 
hot  externally.  The  fallen  meteorite  is  invariably  coated  with  an 
incmstation,  sometimes  shining  as  an  enamel,  generally  black,  but 
occasionally  colourless  where  the  aerolite  is  free  from  ferrous  silicates ; 
and  this  incrustation  is  seen  to  have  been  formed  in  the  atmosphere, 
since  it  is  found  coating  sur&oes  of  fragments  that  have  been  severed 
by  the  explosions  in  the  air. 

Aerolites  frequently  fall  simultaneously  in  large  numbers,  many 
thousands  of  them  being  in  such  cases  spread  over  a  surface  of  the 
country  some  miles  in  extent ;  and  such  showers  of  stones  seem  to 
have  entered  the  atmosphere  as  a  group,  though  their  numbers  must 
Bubseauently  have  been  greatly  increased  by  the  division  accompanying 
their  detonation. 

The  explanation  of  the  incrustation  and  of  the  doud  left  by  the 
meteorite,  or  out  of  which  it  seems  to  emerge,  is  found  in  the  trans- 
formation into  heat  of  the  energy  actuating  a  body  that  enters  our 
atmosphere  with  a  motion  of  12  to  40  miles  in  a  second.  The  velocity 
of  the  body  is  almost  instantaneously  arrested  by  the  atmospheric 
resistance,  and  in  a  venr  few  seconds  we  mass  becomes,  comparatively 
speaking,  stationary.  Its  surfioce  must,  as  a  consequence,  be  imme- 
diately rased,  and  the  melted  matter  would  be  flung  off  from  it  into 
the  surrounding  air,  fresh  surfaces  continually  affording  new  fused 
material  to  form  the  cloud  of,  so  to  say,  silicious  spray  that  lingers 
along  and  around  the  path  of  the  meteorite. 

When  the  mass  is  small, — and  in  the  case  of  meteoric  showers 
and  ordinary  falling  stars  it  cannot  exceed  a  few  oimces,  and  may 
often  be  but  a  few  grains, — the  whole  material  is  thus  consumed,  and 
must  ultimately  fall  as  an  unperceived,  because  widely-scattered,  dust. 
The  meteorite  is  the  residue  that  survives  this  wasting  action  where 
the  magnitude  of  the  mass  is  more  considerable.  The  cause  of  the 
violent  and  often  successive  explosions  is  probably  to  be  sought  in 
the  expansion  of  the  outer  portions  of  the  mass  while  the  interior 
retains  the  contracted  volume  due  to  the  intense  cold  of  space  with 
which  the  meteorite  enters  the  atmosphere. 

From  time  to  time  these  contending  conditions  of  volume  may,  as 
in  a  Prince  Buperf  s  drop,  produce  explosion,  the  heated  shell  in  the 
case  of  the  meteorite  flying  off  in  fragments  from  the  internally  cold 
inner  core,  which  if  sufficient  velocity  remain  to  the  mass  will  undergo 
a  recurrence  of  the  same  conditions  of  surface  fusion  and  explosion. 
The  loudness  of  the  detonation  is  also  probably  enhanced  by  the 
simultaneous  collapse  of  the  air  on  the  vacuum  that  would  follow  the 
rapidly  moving  mass. 

The  pitted  surface  characteristic  of  meteorites  probably  bears 
witness  to  a  similar  effect  of  unequal  dilatation  operating  more 
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especially  in  the  freshly-broken  surfaces  of  the  mass,  small  fragments 
splintering  off  in  this  way  from  the  cold  and  brittle  stone  under  the 
sadden  influence  of  intense  heat. 

A  remark  made  by  Humboldt,  that  light  and  meteorites  are  the 
only  sources  of  our  Imowledge  regarding  the  universe  external  to  our 
world,  points  to  the  true  groud  for  our  interest  in  the  waifs  and 
strays  of  extra-telluric  matter  thai  thus  fSeJl  upon  our  globe. 

In  physical  as  well  as  in  chemi«|j  characters  aerolites  resemble 
at  the  first  aspect  some  terrestrial  voloanic  rocks. 

The  minerals  of  which  they  are  oomposed  are  nearly  entirely 
crystalline,  as  is  eyidenced  by  the  colo|urs  in  polarized  light  of  such 
as  are  transparent.  These  minerals  ai»  usually  aggregated  with  slight 
cohesion,  and  they  present  in  by  fi^r  the  greatest  number  of  cases  a 
peculiar  spherular  or  ''  ehondritic  **  structure. 

In  these  the  spherules  are  composed  of  similar  minerals  to  those 
which  enclose  them,  and  even  contain  metallic  iron  sometimes  in 
microeoopically  fine  grains  disseminated  through  them. 

A  section  of  an  aerolite  was  exhibited  by  ^e  microscope  in  which 
some  of  the  spherules  had  been  broken  before  being  cemented  by  the 
surrounding  mass,  and  in  another  fissures  were  seen  which  had  been 
filled  with  a  fused  material  after  one  side  of  the  fissure  had  slidden 
along  the  other:  facts  pointing  to  events  in  the  history  of  the  meteorite 
subsequent  to  its  first  formation. 

The  chemical  composition  and  the  mineral  constitution  of  aerolites 
were  illustrated  by  tables  showing  the  elements  met  with  in  these 
bodies,  and  the  minerals  in  which  they  were  distributed.  The  former 
comprised  about  one-third  of  the  known  elements ;  among  them  mag- 
nesiam,  iron,  silicon,  oxygen,  and  sulphur  were  conspicuous ;  calcium, 
aluminium,  nickel,  carbon,  and  phosphorus  coming  next  in  importance, 
the  basic  elements  of  most  importance  by  their  amount  being  the  same 
as  those  which  are  found  by  spectroscopic  analysis  to  be  present  in  the 
sun — and  in  those  stars  wluch  have  been  the  best  examined. 

The  minerals  most  frequent  in  aerolites  besides  nickeliferous  iron 
or  troilite  (iron  monosulphide)  and  graphite,  are  bronzite  (a  ferriferous 
enstatite)  and  olivine,  both  the  latter  being  essentially  magnesium 
silicates.  Augite  and  anorthite  also  occur  (more  particularly  in  the 
eukritic  aerolites  of  Boee)  and  some  minerals  unknown  in  terrestrial 
mineralogy  have  also  been  met  with ;  such  are  the  different  varieties 
of  Schreibersite  (phosphides  of  iron  and  nickel) :  calcium  sulphide, 
asmanite  (a  form  of  silica  crystallizing  in  the  ortborhombic  system  and 
having  the  specific  gravity  of  fused  quartz),  and  a  cubic  mineral  with 
the  composition  of  labradorite.  The  crystalline  form  of  bronzite  was 
first  determined  from  the  crystals  in  a  meteorite,  and  was  found  to 
oonfirm  the  conclusion  Desdoizeaux  had  arrived  at  as  regards  its 
system  from  observations  on  the  distribution  of  the  optic  axes  in  the 
terrestrial  bronzite  and  enstatite. 

The  question  as  to  whence  the  meteorites  come  is  one  that  we  are 
not  yet  in  a  position  to  answer  with  certainty.    The  various  hypotheses 
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which  suppose  for  them  an  origin  in  Innar  volcanoes,  or  in  onr  atmo- 
sphere, or  again  in  a  destroyed  telluric  satellite,  or  that  would  treat 
them  as  fra^ents  of  an  original  planet  of  which  the  asteroids  are 
parts,  or  as  masses  ejected  from  the  sun ;  all  these  hypotheses  seem  to 
ve  more  or  less  precluded  by  the  known  velocities,  the  retrograde 
motion  so  frequently  characterizing  meteors  and  meteorites,  or  else 
by  the  chemical  conditions  that  for  instance  are  involved  in  the  passage 
<^  the  meteorite  through  the  sun's  chromosphere.  Whether  meteorites 
move  or  do  not  move  in  circumsolar  orbits  is  at  present  impossible  to 
say ;  because,  while  with  our  incomplete  knowledge  we  cannot  to-day 
attach  the  character  of  periodicity  to  any  known  class  of  meteorites,  we 
are  not  justified  in  founding  any  conclusion  on  a  negative  result  with 
00  limited  a  foundation. 

But  even  if  all  or  some  of  them  may  have  been,  on  their  en- 
countering the  earth,  members  temporarily  or  permanently  of  the  solar 
system,  we  may  with  considerable  probability  consider  them  as  having 
originally  entered  our  system  from  the  interstellar  spaces  beyond  it. 
Sudi  at  least  must  be  our  conclusion  if  we  are  to  admit  the  unity  of  the 
whole  class  of  phenomena  of  meteorites  and  falling  stars.  For,  since 
the  orbits  of  the  two  best  known  meteoric  streams,  -those  namely  of 
August  and  November,  have  been  identified  with  the  orbits  of  two 
comets,  and  since*in  regard  to  one  of  these  (that  of  November)  Leverrier 
has  shown,  with  great  probability,  that  as  a  meteoric  cloud  it  entered  and 
became  a  member  of  our  system  only  some  1700  years  ago  in  consequence 
of  the  attraction  of  Uranus,  while  the  August  meteoric  ring  only  differs 
in  this  respect  from  it,  that  it  had  at  a  much  more  remote  period  found 
an  elliptic  orbit  round  the  sun ;  we  are  constrained  on  the  assumption 
with  which  wo  started  to  recognize  also  in  a  meteorite  a  visitor  from 
the  regions  of  remote  space.  And  so  far  as  it  goes,  the  observation 
by  Secchi  that  the  November  falling  stars  exhibit  the  magnesium  lines 
is  in  harmony  with  this  view. 

It  may,  however,  further  be  said,  that  the  tendency  of  scientifio 
conviction  is  in  the  direction  of  recognizing  the  collection  towards 
and  concentration  in  definite  centres,  of  the  matter  of  the  Universe, 
as  a  cosmical  law,  rather  than  the  opposite  supposition  of  such  centres 
being  the  sources  whence  matter  is  dispersed  into  space.  In  the 
meteorites  that  fall  on  our  earth  (certainly  in  considerable  numbers) 
we  have  to  acknowledge  the  evidence  of  a  vast  and  perpetual  move- 
ment of  matter  in  space,  about  which  we  can  only  reason  as  part  of  a 
great  feature  in  the  Universe  which  we  have  every  ground  for  not 
supposing  to  be  confined  within  the  limits  of  the  solfur  system. 

That  this  matter,  whether  intercepted  or  not  by  the  planets  and  the 
sun,  should  to  an  ever-increasing  amount  become  entangled  in  the  web 
of  solar  and  planetary  attraction,  and  that  the  same  operation  should 
be  collecting  round  other  stars  and  in  distant  systems  such  moving 
"clouds"  of  star-dust  as  have  been  treated  by  Schiaparelli,  Leverrier, 
and  other  astronomers,  or  individual  masses  of  wandering  stone  or  iron 
is  a  necessary  deduction  from  the  view  that  we  have  assumed  regarding 
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the  tendency  of  eoBmical  matter  to  collect,  towards  centres.  But 
in  order  to  trace  the  previons  stages  of  the  history  of  any  meteorite, 
and,  in  particidar,  to  determine  the  conditions  nnder  which  its  present 
constitution  as  a  rock  took  its  origin,  we  have  only  for  our  guide  the 
actual  record  written  on  the  meteoric  mass  itself;  and  it  is  in  this 
direction  that  the  mineralogist  is  now  working. 

But  the  progress  is  necessarily  a  gradual  one.  We  may  indeed 
assert  that  the  meteorites  we  know  have,  probably  all  of  them,  been 
originally  formed  under  conditions- from  which  the  presence  of  water 
or  of  free  oxygen  to  the  amount  requisite  to  oxidize  entirely  the 
elements  present  were  excluded ;  for  this  is  proved  by  the  nature  of 
the  minerals  constituting  the  meteorites  and  by  the  way  in  which  the 
metallic  iron  is  distributed  through  them. 

And  one  suggestive  and  significant  fact  remains  to  be  alluded  to ; 
the  presence,  namely,  in  some  few  meteorites  of  combinations  of  hydro- 
gen and  carbon,  wluch  if  met  with  in  a  terrestrial  mineral  would  with 
little  hesitation  be  assigned  to  an  organic  origin.  A  few  grains  were 
exhibited  to  the  audience  of  such  a  body,  crystallized  from  ether,  which 
solvent  had  extracted  it  to  the  amount  of  about  0*25  per  cent,  from 
six  ounces  of  the  Cold  Bokkveldt  meteorite. 

Similar  substances  have  been  extracted  by  Wdhler,  Bosooe,  and  other 
chemists  from  this  and  other  meteorites.  It  was,  however,  observed, 
as  pointing  to  the  probability  of  the  comparatively  porous  meteoric 
stone  having  in  this  case  taken  up  the  hydrocarbon  as  a  substance 
extraneous  to  it  (possibly  when  in  the  state  of  a  vapour),  that  ether 
extracted  it  entirely  from  the  solid  lumps  of  the  meteorite ;  pulveri- 
zation not  in  any  way  adding  to  the  amount  obtained,  or  facilitating 
in  any  appreciable  degree  the  separation  of  the  substance. 

[N.  S.  M.] 
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in  the  Chair. 

P.  A,  Abkl,  F.B.S.  Treas.  CA 

On  the  more  imporlant  Substitutes  for  Gunpowder, 

No  progress  has  been  made  since  1868  in  the  application  of  explosive 
agents,  other  than  gunpowder,  to  artillery  purposes.  Somewhat 
limited  experiments  wi&  gun-cotton  in  small  field  guns  led  the 
Austrians,  about  ten  years  ago,  to  the  erroneous  conclusion  that  they 
bad  conquered  the  difficulties  attending  the  safe  employment  of  gun- 
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explosive  being  inoorporaied  with  sugar  and  saltpetre.  A  preparation 
of  somewliat  similar  nature,  containing  as  one  component  an  imperfect 
kind  of  gmi-cotton  made  from  sawdust,  and  known  as  Schultze's 
powder,  has  also  acquired  some  reputation,  though  scarcely  bidding 
fidr  to  compete  in  uniformity  of  action  with  the  excellent  gunpowder 
now  manufactured  for  breech-loading  rifles. 

The  application  of  powerful  explosive  agents  in  shells  would  ap- 
pear at  first  sight  to  present  little  difficulty,  beyond  that  involved  in 
the  selection  of  a  material  which  presents  a  decided  advantage  in  point 
of  disruptive  power  over  gunpowder,  without  exerting  an  excessive  dis- 
integrating action  upon  tibe  mass  of  the  shell  and  thereby  effecting  its 
comparatively  harmless  dispersion.  An  important  obstacle  to  the 
employment  of  many  of  the  more  powerful  explosive  agents  as  charges 
for  shells  exists  in  their  liability  to  premature  explosion  by  the  con- 
cussion which  the  shell  has  to  sustain  upon  the  discharge  of  the  gun. 
Attempts  to  employ  gun-cotton  in  shells  have  several  times  been  at- 
tended by  such  premature  explosions,  more  or  less  disastrous  to  the 
guns  used.  In  comparing  the  relative  sensitiveness  to  explosion  by  a 
blow  or  concussion  of  different  compounds  and  mixtures,  their  sub- 
mission, under  precisely  similar  conditions,  to  the  blow  of  a  weight 
fidling  from  measured  heights  has  furnished  satis&ctory  results,  and. 
by  pursuing  this  line  of  experiment,  very  useful  data  have  been  ob- 
tained. ThQ  conditions  which  are  variable  in  such  experiments 
require,  however,  very  careful  regulation,  as  the  results  attained  may  be 
modified  to  almost  any  extent  by  variations  of  such  elements  as  the 
area  of  the  surface  of  material  struck,  the  thickness  of  the  mass,  its 
mechanical  condition  (whether  in  coarse  or  fine  powder,  or  in  a  rigid 
or  plastic  mass),  the  nature  of  the  materials  composing  the  weight  and 
the  anvil  or  support  Thus,  a  layer  of  mealed  powder  0*05  inch 
thick  placed  between  two  flat  brass  pktes  one  inch  square  is  exploded 
by  the  blow  of  a  50-lb.  weight  falling  from  a  minimum  height  of 
36  feet,  while  a  layer  of  the  same  thickness  placed  between  brass 
plates  like  the  preceding,  but  0  *  5  inch  square,  is  exploded  by  a  fall  of 
the  50  lb.  frmn  a  height  of  about  9  feet  Small  flat  charges  of  fine- 
grain  powder  weighing  five  grains,  enclosed  in  tinfoil  and  placed  upon 
a  steel  support,  were  always  exploded,  in  ten  successive  experiments,  by 
the  fiJl  of  a  steel  25-lb.  weight  from  a  height  of  2  feet ;  when  a  brass 
support  was  substituted  for  that  of  steel,  only  four  charges  out  of  ten 
were  exploded ;  when  both  weight  and  support  were  of  brass,  only  two 
out  of  teif  were  fired,  and  when  the  support  and  weight  were  of  lead  or 
wood,  no  explosion  was  obtained  even  when  the  weight  fell  from  a  height 
of  40  feet  Again,  a  nitro-glycerine  preparation,  of  which  a  layer  of  a 
particular  thickness,  placed  between  brass  plates  resting  on  a  solid 
block  of  iron,  was  exploded  by  a  fidl  of  a  50-lb.  weight  from  a  height 
of  2  feet,  was  not  exploded  by  a  iaM  of  40  feet,  when  the  lower  brass 
plate  was  fixed  upon  a  wooden  block,  the  up{)cr  plate  being  attached 
to  the  weight  by  means  of  a  small  block  of  wood. 

Of  the  many  explosive  preparations  more  violent  than  gunpowder 
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which  have  been  submitted  to  comparative  experiments  of  the  above 
natore,  a  mixture  of  ammonium  picrate  with  saltpetre  proved  the 
least  sensitive  to  explosion  by  blow,  thus  contrasting  remarkably  with 
the  violently  explosive  mixtures  of  potassium  picrate,  which  have 
been  made  the  subject  of  experiment  in  France.  Picric  acid,  which 
is  now  manufactured  extensively  for  tinctorial  purposes  by  the  action 
of  nitric  acid  upon  phenol  or  carbolic  acid,  has  been  known  since  the 
end  of  last  century  as  capable  of  furnishing  explosive  mixtures.  Some 
of  its  salts,  such  as  those  of  potassium  and  biurium,  are  of  themselves 
explosive,  and  furnish  violently  detonating  mixtures  with  saltpetre  and 
potassium  chlorate.  The  mixtures  of  ammonium  picrate  with  these 
''salts,  though  less  powerful  in  their  action,  are  considerably  more  so 
than  gunpowder,  and  the  saltpetre  mixture  which  has  been  called 
picric  powder,  has  been  shown  by  extensive  experiments  to  be  as  safe 
as  powder  in  manufacture  and  use,  and  as  permanent  in  character; 
shells  charged  with  it  have  been  repeatedly  fired  from  guns  of  large 
calibre,  witfi  heavy  powder-charges,  and  there  appears  strong  reason 
for  placing  confidence  in  this  material  as  fulfilling  the  conditions,  in 
r^gwl  to  safety  and  power,  of  a  very  efficient  powder  for  shells. 

Most  important  progress  has  been  made,  during  the  last  few 
years,  in  the  application  of  explosive  agents,  more  violent  than 
powder,  to  mining  and  quarrying  and  to  various  civil  and  military 
engineering  purposes.  The  hope  of  realizing  the  advantages  which 
would  be  secured,  especially  in  point  of  economy  in  time  and  labour, 
by  an  explosive  agent  combining  increased  power  with  other  essential 
qualities  of  a  practically  useful  material,  has  led  to  the  production 
of  a  great  variety  of  preparations  designed  io  serve  as  powder-sub- 
stitutes in  its  industrial  applications.  The  powerful  oxidizing  agent 
potassium  chlorate  has  tlius  been  applied  in  numerous  ways;  and 
some  of  its  preparations,  of  comparatively  safe  nature,  such  as 
Horsley's  and  Ehrhardt's  powders,  have  afforded  prospect  of  advan- 
tageous employment,  though  at  present  it  appears  doubtful  whether  they 
can  enter  into  competition  with  the  more  violent  explosive  agents  which 
have  within  the  last  six  years  become  formidable  rivals  of  powder. 

Gun-cotton  was  gradually  growing  into  extensive  use,  as  a  mining 
agent  in  England,  within  a  year  of  its  discovery  by  Schonbein ;  but 
its  application  was  arrested  for  many  years  by  the  explosion  which 
occurred  at  Messrs.  Hall's  works  in  1847.  Between  that  period  and 
1863,  when  its  manufacture  was  resumed  in  England,  the  material 
was  made  the  subject  of  elaborate  experiment  in  Austria.  Important 
improvements  were  eventually  introduced  in  its  production  and  purifi- 
cation by  Baron  von  Lenk,  and  it  was  converted  by  him  into  a  form 
decidedly  better  adapted  for  mining  purposes  than  the  gun-cotton  wool, 
namely,  that  of  a  compact  rope,  having  a  central  perforation,  and  cut 
into  suitable  lengths  for  mining  charges.  An  extensive  series  of  ex- 
periments, instituted  in  Austria  with  gun-cotton  in  this  form,  appeared 
satisfactorily  to  establish  its  superiority  over  gunpowder,  bulk  for 
bulk,  as  regards  rending  and  shattering  effects,  when  used  in  hard 
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leeults  which  it  famished,  to  the  companion  explosive  agent,  nitro- 
glycerine, which  has  been  raised  withm  the  last  nine  years  firom  the 
obBcure  position  of  a  useless  chemical  product  to  an  exalted  rank 
among  practically  nseful  explosiye  agents  entirely  through  the  labours 
of  Mr.  Alfred  Nobel. 

In  1868  Mr.  Nobel  first  attempted  to  apply  nitro-glycerine  by 
impregnating  the  grains  of  gunpowder  with  it,  and  igniting  the  mix- 
ture in  the  usual  way.  But  this  mode  of  proceeding  being  uncertain 
in  its  results,  he  concluded  that  the  certainty  ^f  exploding  nitro- 
glycerine would  be  increased  if  a  small  portion  of  the  mass  were  raised 
by  some  special  contriTance  to  the  heat  at  which  it  would  violently 
explode,  the  explosion  being  thereby  transmitted  through  the  entire 
mass.  He  suggested  several  devices  for  producing  what  he  tenned 
the  initiative  explosion  of  a  portion  of  the  charge,  but  the  most  simple 
and  successful  one  consisted  in  the  employment  of  a  large  percussion 
cap,  by  the  explosion  of  which  the  aidjacent  particles  of  nitro-gly- 
oerine  were  suddenly  exposed  to  a  high  temperature  and  to  a  sharp 
concussion.  This  was  the  first  instance  in  which  the  violent  explosion 
or  detonation  of  compounds  of  this  class,  known  not  to  explode 
violently  unless  strongly  confined,  was  accomplished  through  the 
agency  of  initiative  detonation.  Compressed  gun-cotton  was  soon 
afterwards  observed  by  Mr.  Brown  to  behave  similarly,  and  in  the 
course  of  an  investigation  instituted  by  Mr.  Abel  into  these  and  other 
phenomena  exhibited  by  explosive  agents,  this  susceptibility  to  violent 
explosion,  without  the  aid  of  confinement,  through  the  agency  of  a 
detonation,  was  found  to  be  shared  by  all  explosive  compounds  and 
mixtures,  even  including  gunpowder,  though  the  force  and  nature  of 
the  detonation  required  to  develop  the  explosive  metamorphosis  differed 
very  considerably  with  different  substances.  Numerous  interesting 
results  were  obtained  which  showed  that  the  development  of  detonation 
was  at  any  rate  not  simply  due  to  the  exposure  of  particles  of  the 
substance  to  a  very  high  temperature  or  to  the  suddenness  and 
violence  of  the  concussion  to  which  they  were  submitted. 

Mr.  Nobel's  discovery  of  a  simple  method  of  exploding  nitro- 
glycerine placed  this  substance  at  once  at  the  head  of  practically 
useful  explosive  agents  in  point  of  power ;  and  the  success  with  whid^ 
he  developed  the  manufacture  of  nitro-glycerine  soon  rendered  this 
remarkable  liquid  available  for  extensive  technical  uses.  Its  value  as 
an  explosive  agent  for  mines,  especially  where  very  hard  rock  had  to 
be  operated  upon,  was  speedily  established  in  Sweden,  Grermany,  and 
some  other  countries ;  but  its  extensive  manufacture  and  employment 
was  very  soon  followed  by  numerous  fearful  accidents,  which  appear 
mainly  ascribablo  to  the  physical  peculiarities  of  the  substance.  Its 
liquid  nature,  though  valuable  in  special  instances  of  its  employment, 
constituted  a  serious  obstacle  to  its  safe  transport,  storage,  and  uso : 
its  liability  to  leak  from  receptacles  in  which  it  was  stored  and  the 
great  susceptibility  to  explosion,  by  friction  or  blow,  of  portions  which 
escaped  confinement,  were  unquesflonably  fruitful  sources  of  acci- 
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dent.  The  precaution  of  storing  and  transporting  nitro-glyoerine  in 
the  form  of  a  non-explosive  solution  in  wood-spirit,  did  not  prove  to  be 
a  tmstworihy  saf^^ard  against  accident,  as  the  spirit  was  liable  to 
evaporate  or  become  weaker,  and  thus  allow  the  nitro-gljcerine  to  sepa- 
rate from  it  to  a  sufficient  extent  to  re-establish  danger. 

A  very  simple  expedient,  which  Nobel  devis^  in  1867,  soon 
enabled  lum  to  provide  the  miner  with  nitro-glycerine  in  a  very 
convenient  and  comparative  safe  form.  The  observation  that  this 
Bubetanoe  could  be  exploded  bv  detonation  as  readily  (and  even  with 
greater  certainty)  if  mixed  with  solid  substances,  which  might  be 
perfectly  inert  in  character,  as  when  used  in  the  liquid  form,  led  him 
to  the  production  of  solid  but  plastic  preparations  of  this  substance,  to 
which  he  gave  the  name  of  dynamite.  The  earliest  of  these  supplied 
to  the  public,  and  the  one  which,  in  its  present  improved  form,  is 
superior  to  any  other  known  nitro-glycerine  preparation  in  point  of 
safety  in  storage,  consists  of  75  parts  of  nitro-glycerine  held  absorbed 
by  25  parts  of  a  porous  infusorial  silidous  earth,  existing  abundantly 
in  Gennany,  and  known  as  ^  Eieselguhr."  This  mixture  was  first 
supplied  as  a  loose  unctuous  powder,  from  which  the  nitro-glycerine 
appeared  to  have  a  tendency  to  separate;  it  is  now  converted  by 
pressure  into  small  cylindrictd  rolls  or  charges  wrapped  in  parchment 
paper,  from  which,  as  far  as  the  lecturer's  observation  goes,  the  liquid 
does  not  appear  liable  to  exude,  even  upon  prolonged  exposure  to 
elevated  temperatures,  though  immersion  in  water  will  cause  a  separa- 
tion of  nitro-glycerine  after  some  time.  Many  experiments  were  made 
in  Paris  during  the  siege,  bv  MM.  Girard,  Millon,  and  Vogt,  to  ascer- 
tain what  absorbent  materials  could  be  best  applied  to  the  manufacture 
of  dynamite,  in  the  absence  of  Eieselguhr;  precipitated  silica  or 
aluminia,  sugar,  and  several  other  substances  were  found  to  be  suitable 
media,  but  the  material  originally  selected  by  Nobel  was  undoubtedly 
superior  to  all  in  its  power  of  absorbing  and  retaining  a  very  largo 
amount  of  nitro-glycenne. 

The  preparation  of  dynamite  by  Nobel  was  speedily  followed  by 
the  production  of  other  nitro-glyoerine  preparations,  in  some  of 
which,  such  as  Dualine,  Horsley's  mining  powder,  and  Glyoxiline, 
e^lodve  substances  are  used  as  the  media  for  absorbing  nitro- 
glycerine. Nobel  himself  prepares  a  less  violent  form  of  dynamite 
by  mixing  nitro-glycerine  in  smaller  proportions  with  powder,  salt- 
petre, and  resin  or  coal.  A  preparation  which  is  perhaps  intermediate 
in  value  between  this  and  the  **  Eieselguhr  "  dynamite  is  manufSactured 
by  Messrs.  Erebs,  of  Cologne,  who  have  called  it  Litho/racieur,  As  far 
as  its  composition  has  been  made  public  it  is  known  to  contain  less 
nitro-glvoerine  than  Nobel's  ordinary  dynamite ;  the  absorbent  mate- 
rial includes  silidous  earth  and  sand,  saltpetre,  coal,  and  sulphur. 
Some  good  practical  experiments,  made  with  this  preparation  at  the 
Nantmawr  and  Breidden  quarries,  near  Shrewsbury,  satisfactorily 
demonstrated  its  safety  in  transport  and  use,  when  in  its  normal 
condition.    In  this,  as  in  all  othei*  nitro-glycerine  preparations  con- 
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and  fissured  to  considerable  distances,  but  the  displacing  effect  is  gene- 
rally inferior  to  that  produced  by  the  equivalent  of  powder,  and  always 
Tory  much  so  in  earth  or  soft  rock.  Decided  advantages  have  arisen 
from  a  judiciously-combined  application  of  gunpowder  and  gun-cotton 
or  dynamite,  the  more  violent  explosive  agent  being  used  to  prepare 
the  way  for  gunpowder,  which  is  afterwards  applied  to  the  removal  of 
the  material  shattered  by  the  first  sudden  explosion. 

The  degree  of  safety  with  which  explosive  agents  may  be  manu- 
factured is  an  importaiit  question  connected  with  their  extensive 
application.  The  fact  that  the  manufacture  of  gun-cotton  as  now 
carried  on  involves  not  the  slightest  risk  of  explosion  up  to  the 
final  stage,  when  the  material  has  to  be  dried,  distinguishes  it  from 
most  other  explosive  agents.  In  gunpowder-manufacture  liability 
to  explosion  exists  throughout  all  operations  from  the  point  when  the 
ingredients  are  mixed,  and  with  regard  to  nitro-glycerine  it  appears 
that  up  to  the  present  time  occasional  severe  accidents  during  manu- 
facture have  been  inevitable,  ^he  immunity  enjoyed  by  gun-cotton  is 
due  to  its  being  wet,  and  therefore  absolutely  uninflammable,  through- 
out all  stages,  even  after  it  has  been  compressed  into  cakes  or  disks. 
At  this  point  it  contains  15  per  cent,  of  water,  the  expulsion  of  which 
by  desiccation  is  unattended  by  any  liability  to  explosion,  or  even  to 
ignition  if  very  simple  precautions  are  adopted.  For  storing  large 
quantities  with  absolute  safety  it  is  very  convenient  to  preserve  the 
compressed  gun-cotton  damp,  as  it  is  delivered  from  the  presses.  It 
has  been  thus  stored  for  very  long  periods  without  the  slightest  detri- 
ment, and  its  non-inflammability  in  this  condition  is  aptly  illustrated 
by  the  fact  that  the  perforations  required  in  some  of  the  charges  are 
produced  by  drilling  the  damp  gim-cotton,  the  drill  revolving  at  the 
rate  of  about  600  revolutions  per  minute.  The  gjm-cotton  employed 
in  some  extensive  experiments  recently  made  on  the  South  Coast  had 
been  stored  damp  for  nearly  nine  months,  and  was  dried  partly  in 
the  open  air  and  partly  in  a  hot-air  chamber,  when  required  for  use. 
On  that  occasion  6  cwt.  of  damp  gun-cotton,  packed  in  twenty-four 
strong  wooden  boxes,  were  stacked  in  a  wooden  shed  and  surrounded 
by  inflammable  material.  The  building  was  then  fired,  and  soon 
burned  fiercely,  which  it  continued  to  do  for  about  half  an  hour,  when 
the  fire  gradually  subsided,  and  the  building  and  its  contents  were 
entirely  consimied.  The  gun-cotton  must  have  slowly  burned  away  as 
the  surfaces  of  the  masses  became  sufficiently  dry,  but  at  no  period  of 
•  the  experiment  was  there  even  any  burst  of  flame,  due  to  rapid  igni- 
tion, perceptible. 

Another  very  important  consideration  connected  with  the  ex- 
tensive employment  of  an  explosive  compound  or  mixture  as  a 
substitute  for  gunpowder  is  the  question  of  its  stability.  Mixtures  of 
saltpetre  or  potassium  chlorate,  with  oxidizable  substances  of  stable 
character,  may  be  generally  relied  upon  to  equal  gunpowder  in  their 
unalterable  nature,  imder  all  conditions  of  storage  and  use  in  different 
dimates;   deterioration  in    explosive  power   by  the  absorption    of 
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held  obfltinately  dissolved  by  the  liquid,  and  their  remoyal  cau  also 
ooly  be  effectually  accomplished  by  a  long-protracted  washing  of  the 
very  finely-divided  substance.  Alkaline  agents  are  in  both  cases 
usdPul  in  accelerating  purification. 

For  many  years  nitro-glycerine  was  universally  regarded  as 
specially  liable  to  spontaneous  change;  even  samples  of  different  quan- 
tities of  several  pounds  each,  which,  within  the  last  four  years,  were 
produced  at  Woolwich  in  immediately  successive  operations,  all  appa- 
rently under  the  same  conditions  and  with  the  special  object  in  view  of 
obtaining  a  thoroughly  purified  and  stable  material,  have  exhibited 
great  differences  in  their  keeping  qualities.  They  have  all  been  pre- 
served in  the  dark,  side  by  side ;  some  are  now  in  their  originally  pure 
condition,  others  have  become  more  or  less  strongly  acid,  and  two  or 
three  have  undergone  complete  metamorphosis  into  oxalic  acid  and  other 
products.  The  manufacturing  and  purifying  processes,  as  perfected 
by  Mr.  Nobel,  appear  to  furnish  more  reliably  uniform  products  than 
those  usually  obtained  on  a  stfall  scale,  and  such  specimens  of  these 
products  as  the  lecturer  has  had  an  opportunity  to  examine  have 
exhibited  great  stability.  Yet,  if  it  were  possible  to  trace  explosions 
to  their  cause  more  frequently  than  is  the  case,  an  accidental  want  of 
stability  might  perhaps  have  been  found,  in  some  instances  at  any  rate, 
auxiliary  in  bringing  about  the  violent  nitro-glycerine  explosions  which 
have  occurred.  It  has,  however,  been  already  established  by  very 
extensive  experience  during  the  last  three  years  that  nitro-glycerine  is 
a  far  more  reliable  material  than  was  formerly  believed,  and  that  if 
the  most  scrupulous  attention  is  paid  to  its  purification,  and  is  com- 
bined ^with  vigilance  during  storage  and  use  of  its  preparations,  and 
the  adoption  of  certain  precautions,  which  have  already  been  proved 
important  safeguards  against  chemical  change  in  materials  of  this 
class,  the  risk  of  accident  is  so  greatly  reduced  as  to  warrant  the  ex- 
tensive manufacture  and  employment  of  nitro-glycerine  preparations 
under  restrictions  similar  to  such  as  may  be  deemed  sufficient  in  the 
case  of  other  explosive  agents. 

The  causes  which  led  to  the  great  uncertainty  with  regard  to  sta- 
bility exhibited  by  gun-cotton,  as  manufactured  in  the  earlier  days  of 
its  history,  have  been  discussed  in  former  discourses.  The  very  ex- 
tensive experiments  and  observations  which  were  set  on  foot  nine 
years  ago  by  the  Government  Committee,  and  have  been  continued  to 
this  day,  on  the  keeping  qualities  of  gun-cotton  prepared  by  the  Aus- 
trian process,  have  furnished  most  satisfactory  results.  Very  consider- 
able quantities  of  gun-cotton,  in  a  great  variety  of  forms,  have  been 
stored  at  Woolwich  for  several  years,  and  their  periodical  examination 
has  failed  to  afford  any  reason  whatever  for  doubting  the  stability  of 
gun-cotton  under  all  conditions  of  storage  which  are  likely  to  occur. 
The  experience  thus  gained  applies  even  more  favourably  to  gun- 
cotton  reduced  to  pulp  accoixling  to  the  system  lately  in  use,  whereby 
the  uniform  purification  of  the  gun-cotton  is  more  effectually  secured. 
Compressed  gun-ootton  has  not  only  been  stored  extensively  in  dif- 
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form.    Many  practical  experiments  had  demonstrated  that  it  might  be 
submitted  to  extremely  rough  treatment  without  any  risk  of  explosion, 
and  single  packages  of  the  closely-confined  material  had  been  re- 
^atedly  ignited,  from  witbin  and  without,  no  other  result  than  an 
inflammation  and  a  rapid  burning  of  the  gun-cotton  having  ever 
occurred.     These  demonstrations  of  the  apparent  immunity  from  ex- 
plosive properties  of  compressed  gun-cotton,  unless  very  strongly  con- 
fined or  fir^  by  detoi^tion,  appeared  fully  confirmed  by  the  results  of  ift 
somewhat  extensive  experiment  made  at  Woolwich  a  year  ago  with  gun- 
cotton  packed  in  firmly-closed  wooden  boxes,  of  the  kind  which  Govem- 
ment  proposed  to  use  for  storing  the  material     Eight  such  packages, 
each  containing  28  lbs.  of  gun-cotton,  were  enclosed  in  a  pile  of  similar 
boxes  loaded  to  the  same  weight,  and  the  contents  of  the  centre  box 
were  ignited :  no  explosion  resulted,  and  the  contents  of  some  of  the 
boxes  even  escaped  ignition.     A  second  experiment,  in  which  the 
centre  box  was  surrounded  by  inflammable  matter,  so  that  a  fierce 
fire  burned  within  the  heap  for  many  minutes  before  the  gun-cotton 
ignited,  was  also  unattended  by  any  approach  to  an  explosion.     The 
apparently  conclusive  nature  of  these  experiments  undoubtedly  en- 
couraged a  false  confidence  in  the  non-liability  to  explosion  of  stores 
of  gun-cotton  in  the  event  of  accidental  ignition,  and  the  Stowmarket 
catastrophe  demonstrated  the  imperative  necessity  for  a  more  exten- 
sive investigation  of  the  subject.     The  results  of  some  experiments 
recently  instituted  near  Hastings  by  the  Grovemment  Conmiittee  on 
gun-cotton  have  served  to  throw  great  light   upon  the  manner  in 
which  the  explosions  at  Stowmarket  were  brought  about.      In  the 
first  instance,  twenty-four  boxes  (containing  6  cwt.  of  gun-cotton)  of 
the  kind  used  in  the  Woolwich  experiment  were  storeil  upon  tables  in 
a  small  wooden  shed  of  light  structure,  and  a  heap  of  shavings  and 
light  wood  was  kindled  immediately  beneath  the  boxes,  two  of  which 
were  left  partly  opened.     After  the  fire  had  been  burning  for  about 
seven  minutes  the  gun-cotton  inflamed  and  continued  to  bum  with 
very  rapidly-increasing  violence  for  nine  seconds,  when  a  sharp  ex- 
plosion occurred;  a  very  similar  result  was  furnished  by  a  second 
experiment,  in  which  the  same  number  of  boxes  of  gun-cotton  was 
stored  in  a  small  magazine  of  stout  brickwork.      By  subsequent  com- 
parative experiments  it  was  judged  that  a  considerable  proportion  of 
the  gun-cotton  had  been  burned  in  both  instances  before  the  explosion 
occurred,  but  these  were  nevei*thele8S  of  such  violence  as  to  produce 
large  craters  in  the  shingle  on  the  site  of  the  buildings  and  to  pro- 
ject the  dehria  with  much  force  to  considerable  distances.     Two  repe- 
titions were  afterwards  made  of  the  first  experiment,  in  wooden  sheds 
of  similar  structure,  and  with  corresponding  quantities  of  gim-cotton 
similarly  arranged  in  boxes  of  the  same  size,  and  fastened  down  just 
as  securely  as  those  in  the  former  experiment,  but  the  boxes  were 
made  of  somewhat  tliinner  wood  and  were  constructed  less  strongly. 
In  neither  of  these  experiments  did  an  explosion  occur.     In  the  one 
instance  the  fire  was  burning  in  the  building  for  more  than  half  an 
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the  heated  oouditiou  of  the  gun-cotton  which  ignited,  added  to  its 
being  at  the  time  in  a  state  of  chemical  activity,  determined  its  explo- 
sion, and  the  explosion  of  the  other  packages  was  a  necessary  conse- 
quence of  the  violent  concussion  to  which  they  were  exposed. 

There  can  be  no  doubt  that  the  results  of  the  recent  experiments  and 
of  those  made  last  year,  as  also  the  results  of  the  Stowmarket  accident, 
have  to  be  considei^  in  relation  to  the  quantities  of  gun-cotton  operated 
upon,  as  well  as  to  its  confinement.  The  confinement  of  the  eight  strong 
packages  by  the  layers  of  boxes  which  surrounded  them  on  all  sides  in 
the  Woolwich  experiment,  was  probably  quite  as  great  as  that  afforded 
by  the  light  and  roomy  shed  in  which  the  twenty-four  boxes  of  the  same 
kind  were  placed  in  double  layers,  in  the  South  Coast  experiments ; 
yet  in  the  latter  case  an  explosion  was  developed,  and  not  in  the 
former  with  the  smaller  quantity.  In  the  South  Coast  experiments, 
with  6  cwt.  of  gun-cotton,  the  explosions  occurred  eight  seconds  and 
ten  seconds  after  the  ignition  of  the  gun-cotton ;  in  the  Stowmarket 
magazine,  where  several  tons  of  gun-cotton  were  stored,  the  explosion 
appears  to  have  cUmoit  immediately  followed  ignition ;  it  must  be 
borne  in  mind,  however,  that  in  this  case  much  of  the  gun-cotton  was 
very  closely  confined  by  the  large  number  of  surrounding  packages, 
and  that  the  temperature  of  the  gun-cotton  was  already  raised  consi- 
derably throughout  by  long-continued  very  hot  weaUier.  Both  of 
these  circumstances  must  have  greatly  fcivoured  the  very  rapid  deve- 
lopment of  explosion,  independently  of  the  much  more  intense  heat 
generated  by  the  rapid  spreading  of  fire  through  a  large  proportion  of 
the  gun-cotton, 

Tho  satisfactory  results  obtained  in  the  South  Coast  experiments 
with  the  lightly-constructed  boxes,  with  employment  of  6  cwt.  of 
material,  appear  to  have  received  confirmation  from  the  result  of  an 
accident  which  occurred  in  1869  at  Penryn,  when  a  magazine  of 
brickwork  containing  20  cwt.  of  compressed  gun-cotton,  packed  in 
boxes  of  light  structure,  was  burned  down  without  any  explosion. 
But  it  is  nevertheless  very  possible  that  a  similar  result  would  not 
be  furnished  by  several  tons  of  gun-cotton  similarly  packed ;  tho 
much  higher  temperature  which  would  be  developed  in  that  case  by 
the  first  spreading  of  the  fire,  and  the  additional  confinement,  due  to 
the  larger  number  of  packages,  might  combine  to  develop  conditions 
favourable  to  the  violent  explosion  of  some  portion  of  the  mass, 
though  no  doubt  a  much  larger  proportion  would  bum  non-explosively 
than  if  strong  boxes  were  used.  While,  therefore,  in  storing  dry 
gun-cotton,  the  probability  of  violent  explosions  resulting  from  the 
accidental  ignition  of  a  magazine  may  be  considerably  diminished, 
or  at  any  rate  tho  violence  of  a  possible  explosion  much  reduced,  by 
storing  the  material  in  packages  of  which  some  portions  will  yield 
readily  to  pressure  from  within,  or  by  adopting  any  other  storage- 
arrangement  whereby  the  rapid  penetration  of  flame  or  heat  between 
tho  compressed  masses  is  promoted,  it  must  be  considered  as  conclu- 
sively established  by  the  lost  twelve  mouths'  experience  that  such 
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regulations  as  experience  and  prudence  have  i*endered  essential  in 
connection  with  the  storage  of  gunpowder  and  other  explosive  agents, 
must  also  apply  to  the  storage  of  compressed  gun-cotton  when  in  the 
dry  state. 

The  rapid  development  which  has  taken  place  within  the  last  few 
years  in  the  industrial  applications  of  powerful  explosive  agents  bids 
fair  to  continue.  In  illustration  of  this  a  brief  reference  may  be  made 
to  some  recent  interesting  results  arrived  at  by  Dr.  Sprengel,  who  has 
observed  that  mixtures  of  liquid  oxidizing  agents  (such  as  nitric  acid) 
with  liquid  or  solid  oxidizable  substances,  may  be  made  to  detonate, 
as  also  mixtures  of  readily  oxidizable  liquids  with  solid  oxidizing 
agents.  Thus,  mixtures  of  picric  acid  or  of  nitrobenzol  with  nitric 
acid,  or  of  chlorate  of  potash  with  bisulphide  of  carbon,  may  be  readily 
detonated,  and  are  more  or  less  violently  destructive  in  their  action. 

Important  advantages,  in  point  of  power  in  the  one  instance  and 
of  economy  in  the  other,  appear  to  be  promised  by  the  production,  in 
compressed  masses,  of  mixtures  of  gun-cotton  pulp  with  connderahU 
proportions  of  chlorate  of  potash  or  saltpetre.  Even  the  efficiency 
of  gunpowder  itself  as  a  mining  agent  has  been  decidedly  augmented 
in  some  directions  by  the  lecturer's  observation  that  it  is  susceptible 
of  violent  explosion  by  detonation,  like  all  other  explosive  prepara- 
tions, and  that  strong  confinement  is  consequently  not  essential  to  the 
development  of  its  full  explosive  force.  This  observation  has  proved 
to  be  especially  valuable  in  connection  with  submarine  operations,  for 
which  the  charges  of  gunpowder  need  no  longer,  as  formerly,  be  con- 
fined in  cases  of  great  strength.  There  are  several  other  directions 
in  which  the  study  of  the  behaviour  of  explosive  agents,  under  condi- 
tions compatible  with  their  practical  application,  promises  to  be  fruit- 
ful of  important  results. 

fF.  A.  A.] 
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PbOFKSSOB  EdWABD  J.  POTNTEB,  A.R.A. 

On  Old  Art  and  New  Art. 

Ws  are  all  familiar  with  the  argument  which,  while  it  admits  that 
the  great  artists  of  history,  whether  Greek  or  Italian,  may  have  con- 
ceived  and  realized  an  ideal  of  the  human  form  which  in  these  days 
we  cannot  pretend  to  rival,  yet  insists  that  ideas  on  this  subject  are, 
to  use  a  modern  vulgarism,  "  played  out " — that  we  want  our  art  to  be 
more  in  accordance  with  the  spirit  of  the  age,  which  is  an  age  of 
realities  and  progress,  that  our  art  must  be  above  all  realistic,  and  show 
US  nature  as  we  see  her  around  us,  and  that  it  must  also  progress  and 
keep  pace  with  the  advancement  of  science  and  education  so  as  to  give 
OS  something  new.  I  do  not  say  that  the  argument  put  in  this  broad 
and  coarse  form  exactly  expresses  the  opinion  of  any  really  thoughtful 
persons,  but  it  is  at  the  root  of  much  that  is  written  and  said  on  the 
subject,  and  that  by  persons  who  have  the  command  of  a  great  deal  of 
art-education  in  this  country,  and  who  at  all  events  imagine  that  they 
have  well  considered  the  subject ;  and  it  is  plausible  enough  to  re- 
quire refutation,  for  it  is  apparently  not  obvious  to  everyone  at  first 
sight  where  the  great  distinction  lies  between  science  and  art  which 
should  restrain  the  latter  within  certain  impassable  boundaries,  while 
there  is  apparently  no  limit  possible  to  the  discoveries  and  novelties 
of  which  the  former  is  capable ;  and  persons  who  hold  these  views  do 
not  see  how  essential  it  is  to  the  very  existence  of  an  art  that  it  should 
have  an  ideal  of  beauty — that,  as  it  can  only  appeal  to  our  minds  or 
hearts  through  our  senses,  unless  it  does  so  on  some  principle  of  choice 
or  selection,  we  gain  no  more  from  it  than  we  gain  from  the  observa- 
tion of  nature  itself — that  the  human  form  and  face,  containing  as  they 
do  the  highest  qualities  of  beauty  which  nature  presents  for  our  ad- 
miration, the  study  of  them  with  a  view  to  rendering  the  most  com- 
plete abstract  expression  of  their  beauty  and  vitality,  is  the  highest 
to  which  an  artist  can  devote  himself — that  the  aspects  not  only  of 
human  but  of  all  natural  beauties,  being  the  same  in  all  ages,  there  is 
no  new  discovery  to  be  made  in  the  matter ;  and  so,  not  seeing,  or 
caring  to  see,  this,  they  cannot  judge  how  near  perfection  in  the  attain- 
ment of  this  ideal  the  art  of  the  past  arrived,  or  Ijow  nearly  it  reached 
the  limits  outside  of  which  it  is  incapable  of  further  development. 
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to  it,  and  thomselves  leading  the  way  to  a  better  appreciation  on  the 
part  of  the  public,  of  the  capabilities  of  art. 

Now  both  these  causes  have  curiously  enough  led  to  the  same 
result ;  I  mean  they  have  both  been  instrumental  in  leading  to  a 
proiralent  belief  that  the  imitation  of  nature,  or  perhaps  I  should  say 
the  record  of  his  impressions  of  nature,  is  the  aim  and  purpose  of  the 
artist.  It  will  be  necessary,  then,  before  going  further,  that  we  should 
inquire  in  what  way  and  how  far  a  mere  imitation  of  nature  may 
result  in  a  work  of  art.  And,  in  speaking  of  imitation,  I  must  be 
understood  to  use  the  word  in  the  sense  of  copying.  .  Fuseli  defines 
the  difference  between  copying  and  imitation  in  this  way :  '*  Precision 
of  eye  and  obedience  of  hand  are  the  requisites  of  the  former,  without 
the  least  pretence  to  choice,  what  to  select,  what  to  reject ;  whilst 
choice,  directed  by  judgment  or  taste,  constitutes  the  essence  of  imita- 
tion, and  alone  can  raise  the  most  dexterous  copyist  to  the  noble  rank 
of  an  artist."  But  it  seems  to  me  that  it  is  impossible  for  an  artist 
not  to  choose  what  he  is  going  to  paint ;  he  may  choose  stupidly,  but 
a  choice  of  some  kind  he  must  make,  so  with  this  difference  I  take  his 
definition  of  copying  as  what  I  mean  by  imitation. 

When  I  say  that  the  belief  of  whidb  I  am  speaking  is  a  very  pre- 
valent one,  I  judge  not  so  much  by  what  is  said  and  written  on  the 
matter  as  by  the  large  quantity  of  merely  imitative  work  which  is  to 
be  met  with  in  our  nimierous  art-exhibitions,  and  the  amount  of  success 
such  work  meets  with.  Now  it  is  quite  true  that  an  imitation  of 
nature  may  be  a  work  of  art ;  when  at  its  best  it  calls  forth  all  the 
highest  technical  qualities  of  the  painter,  the  qualities  that  distinguish 
him  as  a  painter  from  the  poet  who  describes  nature  in  another  way. 

This  precision  of  eye  and  obedience  of  hand  requisite  for  the  ren- 
dering of  colour  and  form,  include  the  whole  art  of  painting,  and  are 
found  in  perfection  only  in  the  work  of  the  most  highly-gifted  artists ; 
but  they  are  distinctly  only  the  painter's  qualities  and  exclude  the 
mental.  Moreover,  being  the  qualities  which  are  necessary  to  his 
existence  as  a  painter,  and  without  which  he  is  nothing,  they  take  the 
lowest  place  among  the  artistic  faculties.  But  the  fact  remains, 
that  a  mere  imitation  of  nature — what  is  called  realistic  painting, 
though  I  should  bo  inclined  to  call  it  materialistic — (I  have  already 
endeavoured  to  explain  in  a  lecture  on  *'  Beauty  and  Idealism "  how 
a  true  realism  is  one  of  the  highest  forms  of  art) — the  fact  remains 
that  this  imitative  painting  may  be  so  admirably  done  as  to  become 
of  a  high  order  of  merit.  It  is  the  essence  of  portrait-painting, 
though  for  a  good  portrait  other  qualities  are  doubtless  required. 
It  is  the  essence  also  of  landscape-painting,  though  for  good  land- 
scapes other  qualities  are  required  ;  and  it  is  all  that  is  necessary 
for  still-life  painting.  But  it  is  only  the  groundwork  of  ideal  art, 
and  is  akin  to  the  language  by  which  the  poet  expresses  his  thoughts. 
It  is,  in  fact,  the  language  of  art,  and  may  be  used  by  the  artist 
for  the  three  purposes  following :  it  may  be  used  to  describe  the 
ordinary  aspects  of  nature,  and  through  the  knowledge  of  these  aspects 
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to  express  his  selection  of  what  he  considers  best  worth  dcscribiug ; 
and  thirdly,  to  give  form  to  his  imagination,  which  is  the  result  of  the 
selection  and  combination  of  the  impressions  he  has  received,  the 
strength  of  our  imagination  depending,  according  to  Mr.  Darwin,  on 
the  strength  and  variety  of  our  impressions,  on  the  rapidity  with  which 
they  are  conveyed  to  our  mind,  and  our  power  of  retaining  and  com- 
bining them.  Mr.  Buskin  also  explains  the  imaginative  faculty  in  art 
to  be  a  certain  mode  of  regarding  or  combining  the  ideas  which  the 
mind  has  received  from  external  nature;  so  that  is  the  highest  art 
which  gives  form  to  the  imagination  of  the  artist,  not  that  which  re- 
cords impressions  received  immediately  from  Nature  herself;  and  this 
imaginafive  faculty  in  tlie  hands  of  men  of  great  genius  is  of  a  truly 
creative  kind,  for  is  not  the  result  of  their  combinations  akin  to  the 
creation  of  a  new  world  for  the  enjo3rment,  intellectual  and  moral,  of 
those  who  can  appreciate  their  inspirations  ?  Has  not  Michael  Angelo, 
indeed,  created  for  us  a  new  and  superior  order  of  beings,  the  gran- 
deur of  whom  may  indeed  be  felt  but  not  defined,  in  whose  honour 
writers  have  exhausted  language  in  the  attempt  to  give  utterance  to 
the  emotion  called  up  by  his  power;  concerning  whom  Reynolds  said, 
'*  I  feel  a  self-^congratulation  in  knowing  myself  capable  of  such  sen- 
sations as  he  intended  to  excite  ;**  of  whom  Fuseli  wrote,  "  His  women 
are  moulds  of  generation,  his  infants  teem  with  the  man,  his  men  are 
a  race  of  giants  ;'*  and  Ruskin,  "  His  inexplicable  power  proceeds  from 
an  imaginative  perception  which  is  almost  superhuman,  which  goes 
whither  we  cannot  follow,  and  is  where  we  cannot  come;  throwing 
naked  the  final,  deepest  root  of  man,  whereby  he  grows  out  of  the  in- 
visible and  holds  on  his  Grod  home ;  *'  and  again,  he  speaks  of  *'  the 
troops  of  terror  torn  up  from  the  earth  by  the  four-quartered  winds  of 
the  Judgment,  making  the  hair  stand  up,  and  the  words  be  few  " — lan- 
guage which  indeed  bears  witness  to  the  high  nature  of  this  creative 
power,  for  of  none  other  could  the  like  be  used.  So,  then,  the  aim  of 
all  high  art  is^-of  all  art  (except  that  which  professes  to  be  portrai- 
ture) should  be — to  create  a  world  in  which  our  imaginations  should  be 
excited  to  the  contemplation  of  noble  and  beautiful  ideas ;  and  in  pro- 
portion as  it  fails  to  do  this,  so  does  it  differ  from  the  great  work  of  the 
old  masters,  who  never  had  any  aim  but  this.  And  here  is  the  reason 
why  I  put  landscape-painting  in  the  second  rank  of  art ;  for  though 
the  impressions  recorded  be  of  the  highest  beauty,  still  it  is  but  a 
record  and  an  imitation — an  imitation,  it  is  true,  coming  rather  under 
the  head  of  Fuseli*s  second  definition,  as  **  being  directed  by  judg- 
ment and  taste  " — an  imitation  most  difficult  of  accomplishment,  and 
requiring  for  its  expression  artistic  skill  of  the  highest  order,  on  ac- 
count of  the  subtle  and  fleeting  effects  which  it  is  the  delight  and 
glory  of  the  landscape-painter  to  recall  to  our  minds.  Of  the  same 
nature  of  this  highest  form  of  landscape  is  the  more  elevated  form  of 
portrait-painting,  which  aims  at  recording  not  only  the  features  and 
costume,  but  all  the  noblest  characteristics  of  the  subject,  but  takes  a 
second  place  as  being  a  recording  and  not  a  creative  art.     Lower  than 
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this  most  be  placed  what  is  called  .still-life  painting,  and  that  kind  of 
landscape  which  is  of  the  matter-of-fact  portrait  kind ;  these  again, 
however  beautiful  the  subject  chosen  for  imitation  may  \^,  only  appeal 
to  us  in  so  fS&r  as  the  subject  in  nature  itself  appeals  to  us,  or  pleases 
us  according  to  the  amount  of  technical  skill  displayed.  Still  lower 
again  is  that  kind  of  realistic  portrait-painting  which  wo  find  in  tbe 
modem  French  school,  which  presents  a  specious  appearance  of  origi- 
nality by  ignoring  the  necessity  for  presenting  the  subject  to  us  under 
an  agreeable  form,  and  so  repels  us  in  spite  of  an  undoubted  technical 
skilfulness,  to  which  kind  of  realism  I  am  not  sure  that  I  do  not 
prefer  our  own  fashionable  school  of  portrait,  as  showing  the  faint  tra- 
dition of  a  desire  to  eunoble  the  subject  by  the  treatment :  while  the 
basest  degradation^  of  the  art  is  revealed  in  that  brutal  rendering  of 
noble  subjects  in  which  the  French  realistic  painters  take  especial 
delight,  where  with  insolent  bravado  everything  is  done  with  a  direct 
intention  of  disgusting  us,  as  showing  the  superior  pretensions^of  an 
ignoble  and  ferocious  nature  over  the  purity  and  dignity  with  which 
such  themes  have  been  hitherto  invested.  Of  this  kind  is  the  Salome 
of  Eegnault,  which  it  is  worth  while  to  compare  with  the  graceful 
treatment  of  the  same  figure  by  the  early  Italian  painters.  Nearly 
on  the  same  level,  but  not  always  so  low,  are  the  Dutch  painters, 
who  treat  us  to  gross  representations  of  drunken  scenes ;  not  so  low, 
because  the  pleasure  in  these  things  is  merely  stupid,  and  not  cynical, 
as  with  the  French ;  and  sometimes,  as  in  the  case  of  Ostade  (who 
does  not  always  condescend  to  these  subjects,  but  as  often  paints 
for  us  the  homely  pleasures  of  a  contented,  if  somewhat  degraded, 
peasant  life),  there  is  a  perception  of  the  poetical  beauty  of  glowing 
light  and  softened  and  mysterious  shade,  and  a  delicate  skill  in 
rendering  them,  which  makes  us  forget  the  poverty  and  grossness  of 
the  idea.  Not  so,  however,  in  the  same  scenes  as  painted  by  Jan 
Steen,  whose  remarkable  power  of  rendering  expression  only  adds  to 
his  disgrace ;  so  that  one  may  say  that  the  better  the  art  displayed  in 
the  imitation  the  more  base  is  tbe  result. 

Now  we  shall  find  if  we  examine  this  resume  of  the  various  styles 
of  painting  that  they  ai-e  all,  with  the  exception  of  the  higher  kind  of 
portraiture,  of  a  comparatively  modern  invention.  They  have  all  come 
into  practice  since  the  end  of  the  sixteenth  century,  up  to  which  period 
art  rested  on  that  high  ground  of  which  I  have  spoken,  being  of  a  purely 
creative  and  ideal  nature.  They  are,  if  you  please,  developments  of 
that  high  school,  but  they  develop  from  a  creative  to  an  imitative  art ; 
and  as  the  creative  necessarily  includes  the  imitative  (man  being  unable 
to  conceive  of  anything  outside  his  experience  of  nature),  they  must  bo 
considered  to  have  taken  a  lower  ground.  Nor  can  it  be  said  to  be  a 
new  ground,  for  it  is  not  to  be  supposed  that  the  Florentine  and 
Venetian  piinters,  who  painted  tbe  landscape  of  their  backgrounds 
with  such  exquisite  perception  of  tbe  very  essence  of  its  beauty,  never 
painted  landscape  pure  and  simple  for  want  of  appreciation ;  it  was 
because  they  felt  it  a  degradation  of  their  art  that  it  should  rely 
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Biblo  for  tho  nature  of  all  the  art  teaching  which  may  fall  to  my  share, 
so  that  my  opinion  in  that  sense  most  be  considered  of  importance  for 
right  or  wrong,  should  hold  on  an  important  point  of  that  teaching  an 
opinion  different  to  his  own.  Bat  I  feel  that  this  idea  of  his  which  I 
am  about  to  challenge  leads  to  so  much  that  is  fedse  in  the  art  of  this 
country,  to  the  production  of  so  much  of  this  merely  recording  work 
as  being  the  aim  of  the  painter,  that  I  boldly  run  whatever  risk  I  may 
in  endeavouring  to  point  out  its  fallacy.  I  may  give  it  in  his  own 
words,  as  set  forth  in  the  second  Tolume  of  *  Modem  Painters,'  where 
he  enunciates  the  whole  of  his  theory  of  art ;  and  these  are  the  words : 
''  I  wholly  deny  that  the  impressions  of  beauty  are  in  any  way  sensual; 
they  are  neither  sensual  nor  intellectual,  but  moral."  And  again,  in 
a  later  work,  *  The  Crown  of  Wild  Olive' :  ^  No  statement  of  mine  has 
been  more  earnestly  and  oftener  contradicted  than  that  good  taste  is 
essentially  a  moral  quality."  So  I  can  hardly  be  mistaken  as  to  the 
assertion,  though,  as  I  say,  I  may  have  failed  to  grasp  the  whole  of  his 
meaning.  And  in  the  sentence  before  the  first  one  I  have  quoted  he 
explains  that  '*  SBsthesis,"  or  the  {esthetic  faculty,  properly  signifies 
mere  sensual  perception  of  the  outward  qualities  and  necessary  effects 
of  bodies,  which,  although  true,  slightly  degrades  the  meaning  of  the 
word  SBsthetic,  which  may  surely  be  applied  to  our  mental  as  well 
as  our  sensual  perceptions.  It  is  also  to  be  remarked  that  the  word 
sensual  has  come  to  be  used  in  a  lower  meaning  than  aBsthetic,  as  when 
wo  speak  of  sensual  pleasures  we  mean  rather  the  pleasures  by  which 
we  gratify  our  lower  appetite  so  I  prefer,  for  fear  of  misapprehension, 
the  word  "  aesthetic."  Now,  in  insisting  on  the  sesthetic  nature  of  our 
ideas  and  impressions  of  beauty,  I  labour  under  the  disadvantage 
of  appearing  to  abstract  from  them  that  elevated  character  which 
Mr.  Buskin  has  ascribed  to  them  in  his  chapter  on  typical  beauty. 
But  observe,  I  do  not  in  any  way  deny  the  truth— the  philosophical 
truth — of  this  view  of  ideas  of  beauty ;  I  only  say  it  is  beside  the  ques- 
tion, and  may  easily  lead  to  false  conclusions  with  regard  to  art.  It 
is  not  that  I  hold  the  error  to  lie  in  the  assertion  of  the  moral 
qualities  of  beauty,  but  in  the  inference  that  the  perception  of  those 
qualities  is  essential  to  the  production  of  a  true  work  of  art,  and  that 
all  good  art  has  been  produced  under  the  influence  of  this  perception. 
I  can,  indeed,  conceive  of  no  writing  more  calculated  to  elevate  our 
moral  and  intellectual  nature  than  the  chapters  in  which  Mr.  Buskin 
treats  of  the  different  forms  of  beauty  as  types  of  the  Divine  attributes, 
and  not  only  these  chapters,  but  the  whole  of  his  works  from  beginning 
to  end  set  before  us  more  exalted  conceptions  of  the  beauty  and  sub- 
limity of  nature  than  has  ever  been  presented  to  us  in  words,  amount- 
ing, as  I  have  said,  almost  to  the  setting  forth  of  a  new  religion 
of  the  purest  and  noblest  type.  But  it  is  to  me  impossible  not  to  feel 
throughout  that  the  theoretic  qualities  are  not  inherent  in  forms  of 
beauty,  but  exist  in  the  mind  of  the  spectator,  and  that  the  apprecia- 
tion of  those  qualities  may  therefore  be  equally  excited  by  any  art 
whicli  professes  to  represent  them.    For,  be  it  observed,  if  the  aesthetic 
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itreoce  betveen  a  form  oi  hi^  beauty  and  oaie  thai  is  of  a  meaa  or 
Tiilgar  kind  (the  true  cslhetie  henktj  this),  there  are  a  hinidi«d  who 
ean  leel  the  glory  cf  a  sooaei,  or  the  exquisite  beauty  of  an  anemone ; 
and  as  the  moral  qualities  of  a  typical  beauty  are  set  forth  to  the 
mind  which  can  tee  them  as  ^orioiisly  in  these  last  as  in  the  first,  it 
Is  not  difficult  for  an  artist  to  persoade  himsftlf  that  he  is  doing  the 
most  earnest  and  ri^i-minded  work  in  endeayonnng  hmnbly  and 
patiently  to  imitate  t&)ee  beauties  to  the  utmost  of  his  power,  and  so 
eonyey  to  others  the  emoti<»8  that  he  feels :  nay,  he  may  go  &rther ; 
he  may  persoade  him«elf  that  there  is  nothing  else  worth  doing,  and 
that  this  work  alone  is  of  pure  and  qiiritnal  nature,  all  other  being 
sensuality,  and  therefore  demoralizing,  so  that,  like  the  ascetics  of  old, 
there  is  no  kind  of  work  too  humble  fat  him  to  doTote  himself  to : 
or  what  is  worse  than  this  (for  work  done  really  in  earnest  and  with 
a  spirit  of  patience  has  always  in  it  something  of  yalue,  and  I  may 
add  parenthetically,  that  no  good  work  can  ewer  be  done  without  this 
spirit),  the  spectator  may  wdl  imagiTW  that  the  mind  of  the  painter 
who  laboriously  produces  for  us  again  and  again  bunches  of  primroses 
and  yiolets,  is  actuated  by  this  earnest  feeling  and  in  possession  of 
this  high  theoretic  faculty,  while  indeed  he  has  only  been  exerting  his 
technical  skill,  and  what  amount  of  nsthetic  fiumlty  he  may  possess ; 
nay,  more,  who  has  been  but  exercising  just  so  much  of  his  Acuities 
as  will  enable  him  to  make  money  in  the  quickest  and  readiest  way. 
Thus  it  is  quite  possible  for  such  a  theorist,  if  himself  destitute  of  the 
nsthetic  perception,  to  exalt  bad  and  fiuitastic  work  oyer  good  if  he 
imagines  it  to  give  a  higher  expression  to  the  typical  nature  of 
beauty ;  so  that  the  critic  who  is  not  offended  by  the  crude  and 
discordant  yellow  and  blue  of  one  of  Turner's  later  sunset  pictures, 
may  yet  believe  that  he  finds  in  it  a  deeper  perception  of  the  infinity 
and  purity  of  the  evening  sky,  than  in  his  earlier  and  more  soberly 
harmonious  representations,  and  so  ascribe  to  it  an  artistic  value  which 
it  docs  not  possess.  Or  it  is  not  impossible  for  him  to  exalt  in  this 
way  the  birds'  nests  of  William  Hunt  over  the  mighty  conceptions  of 
Michael  Angelo  and  Phidias,  if  he  imagines  he  perceives  this  earnest 
purism  in  the  one  and  not  in  ihe  others. 

And  in  proof  of  this  possibility  we  have  only  to  look  at  the 
amount  of  artistic  talent  that  is  spent  on  painting  little  groups  of 
flowers  and  fruit,  or  small  landscape  studies  that  might  be  developed 
into  something  better  if  the  artist  did  not  stop  short  with  the  idea, 
brought  about  by  this  train  of  thought,  that  he  is  doing  the  rightest 
work.  It  is  not,  indeed,  Mr.  Buskin's  fault  that  a  noble  theory  has 
led  to  such  poor  results,  for  it  is  the  misfortune  of  all  great  ideas 
that  thoy  degenerate  most  easily  into  cant ;  in  illustration  of  which 
point  I  may  relate  an  instance  which  has  come  under  my  own  notice 
of  a  person  who,  on  visiting  an  artist's  studio,  and  having  been  shown 
pictures  and  designs  of  no  mean  order  of  beauty,  begged  to  be  allowed 
to  see  some  of  his  "  earnest  work,  his  studies  of  leaves  and  flowers." 

If,  thon,  I  have  made  myself  clear,  I  shall  be  understood  to  have 
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said  that  the  idea  must  be  expressed  in  a  work  of  art,  and  not  merely 
exist  in  the  mind  of  the  artist,  or  bo  supplied  by  that  of  the  beholder ; 
that  the  moral  nature  of  beauty  is  of  a  kind  that  cannot  be  expressed 
in  painting  or  sculpture,  and  that  therefore  as  far  as  art  is  concerned, 
ideas  of  beauty  are,  and  must  be,  purely  aesthetic,  and  that  the  theory 
of  the  moral  nature  of  beauty  is  not  only  calculated  to  load  criticism 
astray  when  the  aesthetic  faculty  is  wanting,  but  may  even  induce  an 
indifference  on  the  part  of  the  artist  to  higher  forms  of  beauty  than 
those  which  are  at  once  obvious  to  the  uneducated  mind.  Now,  I  will 
not  stop  to  discuss  another  point  in  Mr.  Buskin's  writings  bearing 
on  this  subject,  and  to  some  extent  akin  to  it,  but  in  r^lity  of  a 
different  character.  I  mean  the  idea  which  runs  throughout  his 
works  of  the  necessity  for  a  right  state  of  moral  feeling,  not  only  in 
the  producers,  but  in  a  nation  or  epoch,  as  essential  to  the  appreciation 
and  production  of  a  noble  and  beautiful  art.  But  I  may  remark  that 
even  if  it  can  be  shown  that  the  best  art  has  always  arisen  out  of  a 
pure  state  of  national  faith  and  domestic  virtue,  it  does  not  follow 
that  those  conditions  will  always  produce  good  art ;  if  the  aesthetic 
qualities  be  absent  they  certainly  never  will,  and  I  can  imagine  no 
condition  of  national  virtue  which  could  cram  ideas  of  beauty  into 
the  head  of  an  average  Englishman  or  Scotchman;  but  as  far  as 
regards  the  artist  himself,  it  appears  to  me  unquestionable  that  the 
aesthetic  faculties  being  in  two  instances  equal,  there  will  be  no 
comparison  between  the  art  of  a  man  of  a  pure  and  noble  mind  and 
one  of  a  mean  and  sordid  nature.  Indeed,  the  very  highest  artistic 
gifts  seem  to  imply  also  a  noble  and  healthy  moral  condition. 
Michael  Angelo  was  himself  one  of  the  most  simple  and  high-minded 
of  men,  incapable  of  any  act  of  meanness,  and  we  should  find,  I  think, 
on  examination  that  all  the  truly  great  artists  and  poets  have  been  of 
the  same  nature.  .  .  . 

I  have  described  the  second  cause  as  arising  from  the  fact  that 
artists  from  motives  of  indolence  or  interest  have  allowed  themselves 
to  be  led  by  the  public,  instead  of,  as  old,  taking  the  lead  in  forming 
the  public  taste.  .  .  .  And  here,  I  may  quote  a  saying  of  Sir  J. 
Bcynolds  as  being  to  the  point :  '*  It  is  certain  that  the  lowest  style 
will  be  the  most  popular  as  it  comes  within  the  compass  of  ignorance 
itself;  and  the  vulgar  will  always  be  pleased  with  what  is  natural 
in  the  confined  and  misunderstood  sense  of  the  word."  And  again, 
^  In  the  inferior  parts  of  the  art  the  learned  and  the  ignorant  are 
nearly  on  a  level;"  so  with  this  authority,  I  feel  in  a  position  to 
repeat  my  original  assertion  that  modern  art  has  struck  out  for  itself 
a  path  which  the  ancients  disdained  to  follow,  and  has  developed 
itself  in  the  direction  which  no  genuine  artist  or  man  of  taste  would 
ever  wish  to  see  it  developed,  having  lowered  itself  to  the  appreciation 
of  a  class  of  patrons  and  admirers  unknown  to  the  artists  of  the  old 
world.  ... 

If,  then,  we  are  to  look  forward  to  the  more  general  production 
of  a  class  of  art  of  that  high  creative  kind  which  I  have  dwelt  on, 
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and  which  is  at  present  decidedly  in  the  minority  in  this  hind  (though 
I  mnst  confess  that  I  think  there  is  a  decided  moTe  in  the  right 
direction,  and  a  desire  for  something  of  a  more  serious  kind),  we 
must,  I  think,  in  the  first  place,  try  not  to  encumher  our  minds  with 
ideas,  but  rely  on  the  cultivation  of  our  perceptive  faculties  to  show 
US  the  high  beauties  that  lie  beneath  the  sur&ce  of  nature ;  and  we 
shall  then  get  rid  of  the  notion  that  little  pictures  of  fruit  and  flowers 
and  landscape  are  anything  more  than  studies  to  help  us  in  the 
execution  of  better  work,  or  to  be  done  from  time  to  time  as  mementos 
of  some  especially  delightful  aspect  of  nature  in  form  or  colour ;  and 
we  must  above  all  study  the  works  of  the  great  masters  of  antiquity. 
*'  Study  the  great  works  of  the  great  masters,"  says  Beynolds,  *'  for 
ever.  Study  nature  attentively,  but  always  with  those  masters  in  your 
company ;  consider  them  as  models  which  you  are  to  imitate,  and  at 
the  same  time  as  rivals  with  whom  you  are  to  contend."  .... 

[B.- J.  P.] 
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The  Earl  op  Rosse,  B.A.  D.C.L.  V.P.R.S.  Vice-President, 

in  the  Chair. 

Charles  Edward  Beevor,  Esq. 
Frederick  John  Blake,  Esq. 
Maurice  Barnard  Byles,  Esq. 
C.  F.  Hancock,  Esq.  B.A. 
George  Augustus  Huddart,  Esq. 
Joshua  G.  Kershaw,  Esq. 
Henry  Samuel  King,  Esq. 
Athol  Maudslay,  Esq. 
Mrs.  Ciccopiere  St.  Clair. 

were  elected  Members  of  the  Royal  Listitution. 

The  Managers  reported  that  they  had  appointed  William  Ruthbb- 
POBD,  MJ).  F.RS.E.  FuUerian  Professor  of  Physiology. 

The  special  thanks  of  the  Members  were  returned  to  Sir  Henry 
Holland,  Bart.,  the  President,  for  his  fourteenth  Annual  Donation  of 
Forty  Pounds. 
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The  Pbbbentb  reoeived  since  the  last  Meeting  were  kid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

The  French  Qovemment — OoUections  de  Documents  in^its  stir  rHistoire  de  Fnuioe. 
!■•  S^rie :  Histoire  Politique :  Lettres  du  Oardinal  Mazariu.  Ed.  BL  GhdraeL 
Tome  L    4to.    1R72. 
Aetxidemia  dei  Lincei  Reale- Am.    Tomo  XXIY.    4to.    1871. 
Ajtiatie  Society  of  Bengal— Joaroal,  Ka  172.    Svo.    1871. 

ProoeediDgs,  1871.    Koe.  12, 13.    1872.    Parti.    8m 
Adrtmomietd  Soeidy,  JZdycO— Monthly  Notioee,  Vol.  XXXIL  No.  7.    1872. 
BeU^  J.  Ldtkian^  Big,  (fke  ^utfcor)— Ohemical  Phenomena  of  Iron  Smelting.   8vo. 

1872. 
Bombay  Branch  of  the  Bowd  A$iaiie  iSitMnflfy— Journal,  No.  27.    8va    1872. 
Briiuh  Arduteete,  Royal  Institute  o/-Se83ional  Papers,  1871-2.    Noe.  9,  10.    4to. 
Browning,  Emet,  Esq,  M.R,I,  ((Ae  ^titAor)— Exposition  of  the  Laws  of  Marriage 

and  Diyoroe.    8yo.    1872. 
Browning,  George,  E»q, — Footprints.  Poems  tmnslated  and  originaL  16ma  1871. 
Chemical  Society— JoTonBl  for  May,  1872.    8yo. 

Comitato  Oeotogico  d* Jtaltd— Bollettini.    1872.    Nos.  1,  2.    8ya    Fironzo. 
EdMar^  Royal  O&Mfixitofy— Astronomical  Observutions,  Vol.  XIIL  (1860-9). 

4to.    1871. 
j&2i7of9— Academy  for  May.  1872.    4to. 

American  Jonrnal  of  Science  for  April,  1872.    8yo. 

Athennnm  for  May,  1872.    4to. 

Chemical  News  for  May,  1872.    4to. 

Engineer  for  May,  1872.     4to. 

Fooid  Jonrnal  for  May,  1872.    4to. 

Uorological  Jonrnal  for  Blay,  1872.    8vo. 

Journal  of  Gas  Lighting  for  May,  1872.    4to. 

Mechanics'  Magazine  for  May,  1872.    8yo. 

Nature  for  May,  1872. 

Pharmaceutical  Journal  for  May,  1872.    8yo. 

Photographic  News  for  May,  1872.    4to. 
FrankUn  JfufOuto-^oumal,  No.  556.    8?o.    1872. 
lAnnean  Socm^— Journal,  Na  67.    8yo.    1871. 

Proceedings,  1871-2.    8yo. 
London  JniiifiUuMi— Journal,  No.  15.    8ya    1872. 
Meteorological  &N»fl(y —Quarterly  Journal,  No.  2.    8va    1 872. 
Noyee,  JSatoard  F.  Esq.  Governor  of  OAio— Geological  Surrey  of  Ohio.    Report 

for  1870.    8yo.    1871. 
PhotograMe  Sodely—Joumol^  No.  233.    8yo.    1872. 
Preueeiedie  Akademie  der  YFiMSfueWeen—Monatsberichte,  Feb.  1872.    8yo. 
Roberts,  W,  Chandler,  Esq,  ITJ}./.— Second  Annual  Report  of  the  Deputy-Master 

of  the  Mint.    8vo.    1872. 
Royal  Society  of  Loiufofi— Proceedings,  No.  134.    8yo.    1872. 
Symons,  O.  J.  Esq.  (tite  Author)  ^&ymouB*  Monthly  Meteorological  Mag.izine, 

May,  1872.    8yo. 
UnUed  Service  Institution,  Royal— JouninX,  No.  66.    8yo.    1872. 
Zootogieal  Society  of  Lo)i<ion--Tran8actions,  YoL  VIL  Parts  7,  8.     Vol.  Vllf. 
Parti.    4to.    1872. 

Proceedings  for  1871,  Parts  2,  3.    8to.    1872. 
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WEEKLY  EVENING  MEETING, 

Friday,  June  7, 1872. 

Sib  Hbnbt  Hollakd,  Bart.  M.D.  D.O.L.  F.E.S.  President, 

in  the  Chair. 

Pbofbssob  Odlino,  F.B.S. 

On  the  Hidory  of  Ozone. 

Thb  most  important  points  in  the  history  of  ozone  are  the  following : 
I.  Its  recognition  as  a  distinct  variety  of  matter  or  substance,  by 
Schdnbein  in  1840.  11.  An  inquiry  into  its  nature,  made  by  Marignac 
in  1845,  whereby  it  was  established  that  the  action  of  ozone  on  yarious 
substances  results  simply  in  their  oxidation.  III.  The  evidence  of 
different  kinds,  accumulated  by  many  observers  during  a  period 
extending  from  1845  to  1863,  that  the  matter  of  ozone  is  identical 
with  the  matter  of  oxygen.  IV.  The  demonstration  by  Andrews  and 
Tait  in  1860,  that  ozone  is  a  condensed  form  of  oxygen.  V.  The 
recognition  by  Andrews  and  Tait  in  1860,  and  interpretation  by  the 
speaker  in  1861,  of  the  singular  fact  that,  in  certain  cases,  the  removal 
of  its  constituent  ozone  from  a  mixture  of  ozone  and  oxygen  is  un- 
attended by  any  alteration  in  the  volume  of  the  gas,  notwithstanding 
the  considerable  oxidation  effected  by  it.  VI.  The  study  of  the 
quantitative  reactions  of  ozone  by  Brodie  in  1872 ;  and  his  establish- 
ment of  the  relationship  of  ozone  to  ordinary  oxygen,  in  corroboration 
of  some  less  exact  results  obtained  by  Soret  in  1865,  as  also  of  a  sug- 
gestion made  by  the  speaker  in  1861. 

I. 

Ozone  was  discovered  by  Schonbein,  in  1840,  when  experimenting 
with  the  then  newly-invented  battery  of  Sir  Wm.  Grove, — an  instru- 
ment still  recognized  as  yielding  a  current  superior,  in  respect  of  joint 
quantity  and  intensity,  to  the  current  yielded  by  any  other  electro- 
motor available  for  general  use.  Ozone  was  recognized  by  Schonbein 
successively,  as  a  minute  constituent  of  the  oxygen  gas  resulting  from 
the  electrolysis  of  water  effected  by  a  current  of  high  tension ;  as  a 
minute  constituent  of  air  or  oxygen  through  which  electric  discharges 
have  taken  place ;  and  as  a  minute  constituent  of  air  in  which  moist 
phosphorus  has  been  undergoing  slow  oxidation.  To  Schonbein  then 
is  due  the  great  merit  of  recognizing  ozone  as  a  distinct  form  of 
matter,  having  an  identity  of  its  own  by  whatsoever  means  prepared — 
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conseqnontly  to  be  constmcted  entirely  of  glass,  and  all  the  junctions 
to  be  made  before  the  blow-pipe  or  by  grinding.  Now-a-days,  by 
improvements  in  the  methods  of  conducting  the  processes  of  electriza- 
tion and  electrolysis,  it  is  possible  to  charge  oxygen  with  ozone  in  very 
considerable  proportion ;  while  by  means  of  paraffin,  a  substance  on 
which  ozone  is  without  recognizable  action,  junctions  of  the  glass 
apparatus  employed  may  be  made  and  unmade  with  the  greatest 
fJAcility. 

III. 

Assuming  the  ozone  furnished  by  the  three  principal  processes  for 
its  production  to  be  one  and  the  same  substance,  it  was  not  until  the 
year  1863  that  the  absolute  freedom  of  ozone  from  any  proportion  of 
hydrogen  was  so  definitely  established  as  not  to  allow  of  any  further 
question.  In  this  year,  Soret  showed  that  although  ozonized  oxygen 
obtained  by  electrolysis,  after  having  been  desiccated  as  thoroughly  as 
possible,  frequently  yielded  some  water  as  a  product  of  its  decompo- 
sition by  heat,  yet  that  when  certain  precautions  were  taken,  and  cer- 
tain sources  of  error  in  the  production  and  collection  of  the  electrolytic 
oxygen  were  recognized  and  avoided,  a  uniformly  negative  result  was 
obtained,  and  not  a  trace  of  moisture  or  other  compound  of  hydrogen 
resulted  from  the  decomposition  by  heat  of  the  ozone  present  in  the 
oxygen. 

This  conclusion  of  Soret*s  was  confirmatory  both  of  the  previous 
result  of  Andrews  with  regard  also  to  electrolytically  obtained  ozone, 
and  of  the  yet  earlier  result  of  Scbonbein  himself  with  regard  to  the 
ozone  obtained  by  the  slow  oxidation  of  moist  phosphorus.  For  in 
opposition  to  the  view  enunciated  first  by  himself,  and  in  seeming 
discrepancy  with  the  imdoubtcd  fact  that  for  the  production  of  ozone 
by  means  of  phosphorus  the  presence  of  moisture  is  essential, 
Schonbein,  in  1849,  showed  by  repeated  experiment,  that  when  ordi- 
nary air  in  quantities  of  several  hundred  litres,  ozonized  as  strongly 
as  possible  by  its  passage  over  moist  phosphorus,  was  transmitted  first 
through  a  desiccating  tube,  then  through  a  tube  heated  to  400°,  so  as 
to  effect  the  destruction  of  the  ozone  present,  and  finally  through 
another  desiccating  tube  to  absorb  any  moisture  that  might  result 
from  the  destruction  of  the  ozone,  this  last  desiccating  tube  did 
not  show,  by  an  increase  of  weight  or  other  change,  any  absorption  of 
moisture  whatever,  notwithstanding  the  largeness^  of  the  absolute 
quantity  of  ozone  destn)yed  in  tlie  experiment.  From  this  time  forth, 
Schonbein  abandoned  the  notion  of  hydrogen  being  a  constituent  of 
ozone  ;  and  while  making  a  valid  distinction  between  his  own  view  and 
that  of  Marignac  and  De  la  Hive,  admitted  with  them  that  the  matter 
of  ozone  is  identical  with  the  matter  of  oxygen.  These  last-named 
investigators,  in  their  research  already  referred  to  (1845),  showed  that 
perfectly  dry  oxygen,  submitted  to  the  influence  of  electric  discharges, 
experienced  an  alteration  of  character,  whereby  it  acquired  the  pro- 
perty of  liberating  iodine  from  moist  iodide  of  potassium, — a  result 
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this  alternate  contraction  of  a  given  ^oaaAity  of  oxygen  by  exposure 
to  prolonged  electrization,  with  prodaetion  of  ozone,  and  re-expansion 
of  the  gas  to  its  original  yoioBie  by  exposure  to  a  temporary  heat, 
with  destruction  of  ozon£^  aonld  be  repeated  an  indefinite  number  of 
times.  Now  the  oakf  possible  conclusion  to  bo  drawn  from  these 
experiments  vwdd  appear  to  be  that,  the  matter  of  ozone  being 
identifal  with  the  matter  of  oxygen,  ozone  is  oxygen  in  a  denser 
imrn^ — that  is  to  say,  in  the  form  of  a  more  complex  unit.  8ome  years 
afterwards,  this  conclusion  was  confirmed  in  a  very  interesting  manner 
by  Professor  Tyndall,  in  the  case  of  ozone  obtained  electrolytically. 
He  found  that  the  absorptivity  for  radiant  heat  of  electrolytically 
obtained  oxygen,  when  rich  in  ozone,  was  upwards  of  a  hundred  times 
greater  than  that  of  ordinary  oxygen — a  result  indicating  ozone  to  have 
a  more  complex  molecular  constitution,  and  consequently  a  greater 
density,  than  ordinary  oxygen.  Moreover,  after  this  same  electro- 
lytically obtained  and  richly  ozonic  oxygen  had  been  subjected  to  the 
action  of  heat,  so  as  to  have  its  ozonic  character  destroyed,  it  then 
exhibited  merely  the  absorptivity  for  heat  of  ordinary  oxygen, — the 
observed  absorptivity  not  going  at  all  beyond  that  of  ordinary  oxygen, 
as  would  have  been  the  case  if  the  ozone  originally  present  in  the 
electrolytic  gas  had  been  decomposed  into  ordinary  oxygen  and 
aqueous  vapour. 

Beferring  to  the  statement  already  made,  that  in  Messrs.  Andrews 
and  Tait's  experiments,  the  oxygen  gas,  more  or  less  contracted  by  the 
electric  discharge,  was  found  to  be  proportionately  ozonic,  this  point 
was  ascertained  in  the  following  way : — A  small  thin  glass  bulb, 
containing  a  solution  of  iodide  of  potassiimi,  was  introduced  into  the 
oxygen-holding  tube,  prior  to  its  being  filled  with  the  gas ;  which,  after 
having  been  more  or  less  contracted  by  the  process  of  electrization, 
was  next  submitted  to  the  action  of  the  solution,  released  on  the 
breaking,  effected  by  concussion,  of  the  small  bulb  wherein  it  was 
contained.  And  on  estimating  the  quantity  of  iodine  set  free  from 
the  iodide  of  potassium  solution  by  its  reaction  with  the  contracted 
gas,  it  was  found  to  be  the  exact  chemical  equivalent  of  a  weight  of 
oxygen  equal  in  volume  to  the  amount  of  contraction  which  the 
original  gas  had  experienced  during  the  process  of  electrization ;  so 
that  if  in  the  process  of  electrization,  there  had  been  one,  two,  or 
three  cubic  centimetres  of  contraction,  the  quantity  of  iodine  liberated 
was  chemically  equivalent  to  the  weight  of  one,  two,  or  three  cubic 
centimetres  of  oxygen ;  whence  it  results  that  to  ascertain  the  iodine- 
titre  of  the  ozonized  gas  is  to  learn  the  contraction  of  the  original 
gas  effected  by  its  electrization,  or  the  correlative  expansion  of  the 
electrized  gas  effected  by  its  exposure  to  heat.  In  the  case  also  of 
electrolytically  obtained  ozonized  oxygen,  it  was  shown  firstly  by 
Andrews  and  Tait,  and  subsequently  by  Soret,  that  the  iodine-titre  of 
the  gas  is  the  measure  of  its  expansion  by  heat,  consequent  on  the 
conversion  of  its  constituent  ozone  into  ordinary  oxygen. 
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V. 

It  has  jost  been  remarked  that  in  the  action  of  the  contracted  gas 
on  iodide  of  potassimn  eolation,  there  is  absorbed  by  the  reagent,  with 
equivalent  liberation  of  iodine,  a  weight  of  oxygen  corresponding 
to  a  volmne  eqnal  to  that  of  the  original  contraction  ;  bnt  very 
corionsly,  the  absorption  by  the  reagent  of  this  weight  of  oxygen  from 
the  contracted  gas  was  found  by  Messrs.  Andrews  and  Tait  not  to 
produce  any  further  contraction  or  alteration  of  its  volome ;  or  the 
iR^ghi  of  oxygen  which  acted  on  the  iodide  of  potassium  solution 
appeared  %»  •ooapj  no  part  of  the  volume  of  the  contracted  gas,  its 
removal  from  the  contnwlid  ^m  hj  means  c£  the  nmgmit  mat  dtbeting 
any  alteration  in  that  volume.  Since  this  remarkable  result  was  first 
announced  by  Messrs.  Andrews  and  Tait  in  1860,  it  has  been  abun- 
dantly confirmed  by  von  Babo  and  Glaus,  by  Soret,  and  by  Sir  Ben- 
jamin Brodie — the  modes  of  experimenting  adopted  in  the  original 
investigation  of  Andrews  and  Tait  and  in  the  three  subsequent  inves- 
tigations, being  all  different  from  one  another.  And  moreover,  not  only 
has  the  &ct  been  established  by  the  four  several  investigations  with 
regard  to  iodide  of  potassium,  but  by  one  or  other  of  the  investigations 
with  regard  also  to  iodine,  to  mercurous  salts,  to  ferrous  saJts,  to 
arsenites,  and  to  ferrocyanides.  So  that,  when  a  given  volume  of 
ozonized  oxygen  is  allowed  to  act  upon  these  different  oxidizable 
bodies,  the  oxidation  effected  by  the  ozone  present  in  the  gas  is  found 
to  be  unattended  by  any  diminution  in  the  volume  of  the  gas.  An 
interpretation  of  this  singular  result  was  put  forward  by  the  speaker 
soon  after  the  publication  of  Messrs.  Andrews  and  Tait*s  experiments, 
to  the  following  effect :  Ozone  being  proved  to  be  a  condensed  form 
of  oxygen,  it  is  clear  that  any  volume  of  ozone  wiU  contain  a  greater 
weight  of  the  matter  of  oxygen  than  is  contained  in  the  same  volume 
of  ordinary  oxygen.  And  since  in  the  action  of  ozone  upon  iodide  of 
potassium,  the  volume  of  the  reacting  gas  does  not  undergo  any  alter- 
ation, it  is  obvious  that  the  oxidation  effected  must  be  effected  by  only 
80  much  of  the  matter  of  oxygen  contained  in  the  volume  of  ozone, 
as  is  in  excess  of  the  matter  of  oxygen  contained  in  the  same  volume 
of  ordinary  oxygen.  This  interpretation,  so  far  as  it  went,  was  con- 
sidered to  be  demanded  by  Messrs.  Andrews  and  Tait's  experiments, 
as  the  only  satisfactory  explanation  of  them.  With  regard  to  the 
weight  of  ^e  matter  of  oxygen  contained  in  a  given  volume  of  ozone, 
in  excess  of  the  weight  of  the  matter  of  oxygen  contained  in  the  same 
volume  of  ordinary  oxygen,  no  data  whatever  existed  to  show  what 
this  weight  really  is.  But  relying  upon  the  fact  that  the  weight  of 
oxygen  contained  in  a  standard  volume  of  free  oxygen  is  composed  of 
two  simple  weights  of  the  matter  of  oxygen,  it  was  conjectured  that  the 
weight  of  oxygen  contained  in  a  standard  volume  of  ozone  might  not 
improbably  be  constituted  by  an  introduction  into  the  standard  volume 
of  ordinary  oxygen  of  another  simple  weight  of  oxygen— equal  volumes 
of  OBone,  free  oxygen,  fmd  nitric  oxide,  for  example,  being  expreosil 
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by  the  comparable  formnlfB  Ot,  0],  and  NO  respeotiyely.  In  aocwrdanoe 
with  this  supposition,  the  action  of  ozonized  gas  upon  iodide  of  potas- 
mum,  &c.,  is  explicable  as  follows : — The  ozone  which  acts  is  decom- 
posed into  a  weight  of  free  oxygen  equal  in  volume  to  the  volume  of 
the  ozone,  and  into  another  weight  of  absorbed  oxygen,  assumed  to  be 
one-half  of  the  former  weight.  The  suggestion  as  to  the  standard 
▼olume  of  ozone  being  constituted  thus  of  three  simple  weights  of 
the  matter  of  oxygen,  was  admittedly  not  a  necessary  deduction  from 
the  then  known  &ct8,  which  were  indeed  equally  consistent  with  its 
being  constituted  of  four,  five,  or  six  such  weights ;  it  was  only  the 
suggestion  of  the  simplest  possible  constitution  for  ozone  that  was 
consistent  with  the  facts. 

A  few  years  afterwards,  in  1865-66,  the  probability  of  this  being 
the  real  constitution  of  ozone  was  much  strengthened  by  the  results 
of  some  experiments  conducted  by  Soret.  Operating  by  a  process  very 
simple  and  ingenious,  but  scarcely  calculated  to  afford  precise  results, 
Soret  found  that  when  electrolytically  obtained  ozonized  oxygen  was 
allowed  to  act  upon  oil  of  turpentine,  the  absorption  of  the  ozone  by 
the  turpentine  was  attended  by  a  diminution  in  ihe  volume  of  the  gas 
equal  approximatively  to  twice  the  initial  contraction, — as  inferred,  of 
course,  from  the  iodine-titre  of  the  ozonized  gas,  or  from  its  per- 
manent expansion  after  exposure  to  a  temporary  heat.  Supposing  the 
final  diminution  effected  by  the  turpentine  to  have  been  exactly  twice 
the  initial  contraction,  inferred  from  the  iodino-titre,  it  is  clear,  that 
while  the  original  gas  would  have  suffered  altogether  a  diminution  of 
three  volumes,  the  ozonized  gas  would  have  suffered  a  diminution  of 
only  two  volumes.  Or  there  would  have  been  ultimately  abstracted 
from  the  original  uncontracted  gas  three  volumes  of  the  matter  of 
oxygen,  occupying  in  the  contracted  or  ozonized  gas,  submitted  to  the 
action  of  the  turpentine,  only  the  bulk  of  two  volumes.  But  as  a 
mean  result  of  Soret^s  first  set  of  five  experiments,  the  final  diminution 
effected  by  the  turpentine  was  2*40  times  the  original  contraction; 
while,  as  a  mean  result  of  his  second  set  of  seven  experiments,  the 
final  diminution  was  1*81  times  the  original  contraction.  Assuming, 
however,  ozone  to  have  the  constitution  expressed  by  the  symbol  Os, 
its  specific  gravity,  and  consequently  its  diffusion-velocity,  would 
approximate  closely  to  the  specific  gravity  and  diffusion-velocity  of  car- 
bonic acid  gas,  COg ;  and  in  1867,  Soret,  in  corroboration  of  his  pre- 
vious absorption  results,  satisfied  himself  that  the  diffusion-velocity 
of  ozone  really  does  approximate  very  closely  to  that  of  carbonic  acid. 

VI. 

During  the  last  few  years,  the  quantitative  reactions  of  ozone  have, 
been  made  the  subject  of  an  elaborate  study  by  Sir  Benjamin  Brodie, 
whose  rcjsults  constitute  indeed  '*  a  body  of  exact  information  as  to  the 
chemical  properties  of  ozone,  through  which  it  may  bo  hoped  that 
this  important  question  will  be  finally  removed  from  the  domain  of 
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a  diminntion  in  the  Yoltuno  of  the  gas,  eqnal  to  half  the  yolume  that 
the  weight  of  oxygen  absorbed  woidd  occupy  in  the  free  state.  In 
this  class  of  reactions,  then,  one  of  but  two  occurrences  mnst  happen: 
either  the  ozone  present  in  the  mixture  of  gases,  is  absorbed  wholly 
without  decomposition,  in  which  case  the  density  of  ozone  most  be 
twice  that  of  ordinary  oxygen,  and  the  formula  O^"*"  become  O*;  or 
the  ozone  present  in  the  mixture,  is  decomposed  into  half  its  volume 
of  oxygen  liberated,  and  into  a  quantity  of  oxygen,  corresponding 
to  its  entire  volume,  absorbed  ;  in  which  case  ihe  density  of  ozone 
must  be  one-and-a-half  that  of  ordinary  oxygen,  and  the  formula 
0^  + '  become  O^ 

Unit-volumes. 


0'+'      =    na    +    401 
2(0«+')     =     0«    +    4  0/*^'^^ 

In  a  third  class  of  reactions,  the  absorption  or  decomposition  of 
the  ozone  present  in  a  mixture  of  ozone  and  oxygen,  is  attended  with 
a  diminution  in  volume  of  the  gas,  equal  to  two-thirds  the  volume 
that  the  weight  of  oxygen  absorbed  would  occupy  in  the  free  state ;  or 
the  weight  of  the  gas  absorbed  is  to  the  weight  of  an  equal  volume 
of  oxygen  as  3  to  2.  But  consistently  with  this  class  of  reactions, 
the  density  of  ozone  must  necessarily  be  one-and-a-half  times  that  of 
ordinary  oxygen,  and  the  formula  O^  "^  '  must  become  0*. 

Unit-volnmea. 
(b«  +  'f  =    nil    +    3  0. 

This  last  and  most  important  class  of  reactions,  by  which  the 
formula  of  ozone  as  O',  is  put  beyond  question,  was  established  by 
a  long  series  of  experiments,  made  chiefly  with  a  neutral  or  but 
slightly  alkaline  solution  of  hyposulphite  of  soda,  and  in  a  few 
cases  with  oil  of  turpentine.  As  a  result,  the  ratio  of  the  entire 
diminution  in  volume  suflfered  by  the  original  oxygen,  to  the  dimi- 
nution in  volume  of  the  electrized  or  contracted  oxygen  eflfected  by 
the  reagent,  was  found  to  be,  as  a  mean  of  twenty-seven  concordant 
experiments  made  with  the  hyposulphite,  3*02  to  2*02;  and  as  a 
mean  of  eight  concordant  experiments  made  with  the  turpentine, 
also  as  3  •  02  to  2  •  02.  But  neither  with  the  hyposulphite  nor  with  the 
turpentine,  could  the  weight  of  oxygen  absorbed  by  the  reagent  be 
determined,  otherwise  than  by  a  osculation  from  the  alteration  in 
volume  of  the  gas.  A  direct  determination,  however,  was  effected  in 
the  case  of  a  few  experiments  made  with  protochloride  of  tin,  under 
conditions  carefully  considered  and  regulated  so  as  to  ensure  a 
trustworthy  result.  And  it  was  found,  in  these  few  experiments,  that 
the  weight  of  the  matter  of  oxygen  absorbed  from  the  ozonized  gas  by 
the  tin-salt,  was  almost  exactly  three  times  the  weight  of  the  matter 
of  oxygen  absorbed  from  the  same  gas  by  iodide  of  potassium, — the 
volume  occupied  by  the  weight  of  oxygen  absorbed  by  the  tin-salt 
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being  almost  exactly  twice  the  volnme  proper  to  the  weight  of  oxygen 
absorbed  by  the  iodide  of  potassium. 

Independently  of  the  importance  attaching  to  the  actual  deter- 
mination of  the  density  of  ozone,  Sir  B.  Brodio's  result  has  a  further 
interest  for  chemists,  which  it  would  be  difficult  to  exaggerate.  The 
principal  of  the  elementary  bodies,  known  to  chemists  in  the  gaseous 
or  vaporous  state,  are  hydrogen,  chlorine  and  its  congeners,  oxygen, 
sulphur,  nitrogen,  phosphorus,  arsenic,  mercury,  and  cadmium.  Now 
it  is  a  fact  that  the  weight  of  phosphorus  or  arsenic  contained  in  any 
volume  of  phosphorus  or  arsenic  vapour,  is  four  times  the  weight 
of  phosphorus  or  arsenic  contained  in  the  same  volume  of  phos- 
phoretted  or  arsenetted  hydrogen,  and  of  a  host  of  other  phos- 
phoretted  or  arsenetted  gases  or  vapours.  It  is  also  a  fact  that  the 
weight  of  hydrogen,  chlorine,  oxygen,  or  nitrogen  contained  in  any 
volume  of  each  of  these  elementary  gases,  is  twice  the  weight  of 
hydrogen,  chlorine,  oxygen,  or  nitrogen  contained  in  the  same  volume 
of  a  variety  of  hydrogenous,  chlorinous,  oxygenous,  or  nitrogenous 
oompound  gases.  It  is  also  a  fact  that  the  weight  of  mercury  or 
cadmium  contained  in  any  volume  of  the  vapour  of  either  element, 
is  identical  with  the  weight  of  the  element  contained  in  the  same 
volume  of  the  vapour  of  all  its  hitherto  examined  volatile  com- 
pounds. But  now  a  variety  of  oxygen  is  shown  to  exist,  the  weight 
of  any  given  volume  of  which  is  three  times  the  weight  of  oxygen 
contained  in  the  same  volume  of  the  simplest^of  oxygenous  compounds 
respectively,  thus : — 

Unit-volames. 

p;       o;;    ^o;       ht^ 

PCI,  CO  NO  HgCl,. 

The  question,  then,  naturally  arises,  how  long  will  it  be  before  another 
variety  of  oxygen  is  recognized,  the  weight  of  any  given  volume 
of  wlach,  like  that  of  a  given  volume  of  phosphorus  vapour,  shall 
furnish  the  weight  of  the  element  contained  in  four  such  volumes 
of  its  several  simplest  compounds  ?  And  again,  how  long  will  it  be 
before  yet  another  variety  of  oxygen  is  recognized,  the  weight  of  any 
given  volume  of  which,  like  that  of  any  given  volume  of  mercury 
vapour,  shall  furnish  but  the  weight  of  the  element  contained  in  the 
same  volume  of  its  several  simplest  compounds  ?  There  is  the  strongest 
indirect  reason  for  believing  in  the  existence  of  such  a  unitary  oxygen. 
For  in  its  reactions,  oxygen  behaves  as  a  sort  of  more  active  electro- 
negative counterpart  of  electro-positive  mercury  Hg ;  and  like  mercury 
Hg,  and  unlike  hydrogen  U^  and  chlorine  CI2,  it  enjoys  the  property 
of  adding  itself  to  a  pre-formed  unit  of  substance  by  an  indivisible 
proportion. 

[W.  0.1 
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GENERAL  MONTHLY  MEETING, 

Monday,  July  1, 1872. 

William  Polk,  Esq.  M.A.  FJR.S.  Manager,  in  the  Chair. 

Sir  Henry  Bouverie  Paulet  Si.  John  Mildmay,  Bart 
waft  deded  a  Member  of  the  Boyal  Listitution. 

The  Pbebents  leoeiyed  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yiz. : — 

FROM 

Her  Majedf^i  Chvemment—yLemoin  of  the  Geological  Borrey.     VoL  IV.     8vo. 
1872. 
British  Organic  BemaiDS.    Decade  13.    870.    1872. 
AduarieB,  Indituta  o/— Life  Tablm.    8vo.     1872. 
Baiaeia  Magnetieai  and  Mdear6bgicalOb§eriKUory^Ohecrnition8.    Vol.  I.    folio. 

1871. 
Cape  of  Oood  Hope,  Royal  OfnennUory — Results  of  ObjerratioDS  in  1856.     8yo. 

1871. 
Chemical  Sociely — Journal  for  June,  1872.    8?o. 

Camiiato  Geciogico  cT/tai/o— BoUettini.    1872.    Nos.  3,  4.    8vo.    Firenze. 
Editon — ^Academy  for  June,  1872.    4to. 
American  Journal  of  Science  for  May,  June,  1872.    8vo. 
Athcnffium  for  June,  1872.    4to. 
Chemical  News  for  June,  1872.    4to. 
Engineer  for  June,  1872. 
Fowl  Journal  for  Juno,  1872.    4to. 
Horological  Journal  for  June,  1872.    8vo. 
Journal  of  Ghaa  Lighting  for  June,  1872.    4to. 
Meclianicd*  Magazine  for  June,  1872.     8vo. 
Nature  for  June,  1872.    4lo. 
Nautical  Magazine  for  July,  1872. 
Pharmaceutical  Journal  for  June,  1872.    8vo. 
Photogfraphic  News  for  June,  1872.    4 to. 
FraMin  InsiUute — Journal,  No.  557.    8vo.     1872. 

GeographitxU  Society y  JRoya/— Proceedings,  Vol.  XVI.    No.  2.    8vo.     1872. 
LincoLfia  Inn^  Hon,  Society  0/— Third  Supplement  of  Catalogue  of  the  Library. 

8vo.     1872. 
lAverpool  Literary  and  PhiJoBophical  Society — Proceedings,  No.  25.    8vo.    1H71. 
Meteorological  0#oe— Quarterly  Weather  Report.  1870.    Part  4.    4to.     1S72. 
Payne,  Joseph,  Esq.  {the  Edifor)—E.  A.  Youmanti,  Essay  on  the  Culture  of  the 

Observing  Powers  of  Children.    16mo.    1872. 
Photographic  Soctc/y— Journal,  No.  234.    8vo.    1872. 

Boyal   Society  of  London — Correspondence    respecting    the   Great    Melbourne 
Telescope.    8vo.     1871. 
Astronomical  and  Magnetieai  and  Mctecrologicnl  Observations  at  Greenwich 
in  1870.    4  to.     1872. 
Symona,  G.  J.  Esq.  Qlie  i4M^M)r)— Symons'  Monthly  Mtteorological  Magazine, 
June,  1372.    8vo. 
British  Rainfall,  1871.     8vo.     1872. 
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TyndaU,  John,  E$q.  LL.D,  F.RJ5.  (the  iiu^or)— Fragments  of  Soienoe.     Fourth 

Edition.    8vo.    1872, 
Contributions  to  Molecular  Physics  in  the  Domain  of  Radiant  Heat.     8t(K 

1872. 
Verein$  zur  Beflfrderung  des  Gevoerhfieitaei  in  PreuM^n— Yerhandlongen,  Jan.  nnd 

Feb.  1872.    4to. 
Wunhwrg  Fhy$ikal-Medecin,  G^eieU«c^/K— Yerhandlungen,  Band  IL  Heft  i.     8vo. 

1871. 
Yorkshire  Archxological  and  Topographical  AssociaUon — Journal,  Part  5.    8vo. 

1872. 
Yorkthire  PhUotophicai  Society — Communications  in  1872.    8to.    1872. 


GENEBAL  MONTHLY  MEETING, 

Monday,  Nov.  4, 1872. 

Sib  Henbt  Holland,  Bari  M.D.  D.C.L.  F.H.S.  Prcsidoui, 

in  the  Chair. 

Homy  Dominic  Phillips,  Esq. 

was  elected  a  Member  of  the  Boyal  Institution. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

Ahoek,  C6L  M,B.L  (Jhe  Auihory-T\\e  Belative  Power  of  Nations.  (K  98;  8vo. 

1872. 
AaaUc  Socidy  of  Bengil-Jomnsl,  Part  1,  1871,  Na  3 ;  1872,  Part  2,  No.  1. 

Proceedings,  1872,  Nos.  2-5.    8vo. 
Aiiaiie  Socidy,  Koya^-Joumal :  New  Stries.  Vol.  VI.  Part  1.    8va    1872. 
Adronomical  Socidy,  /?oyaZ— Proceedings,  Vol.  XXXII.  Nos.  8,  9.    1872. 
Bavarian  Academy  of  Science$y  Boyal — Abliaudlungeii,  Band  XI.    Abtli.  1.    4to. 

1871. 
Sitzungsberichte.    1871 ;  Heft  3.    1872 ;  Heft  1. 
BomiKiy  Geographical  Socidy — Transactions,  Vol.  XIX.  Part  2.    8vo.     1871. 
BrUith  ArchitecU,  Boyal  Indituie  o/— Sessional  Faper^s  1871-2,  Noe.  11,  12.    4to. 
British  Museum  Trti«<e«i— Catalogue  of  Hemiptcra  Hutcroptera,  Part  5.      8vo. 

1872. 
Appendix  to  Catalogue  of  Shield  Reptiles,  Part  1.    4to.     1872. 
Chemical  Society — Journal  for  July-Oct.  1872.    8vo. 
t%urrh.  Prof.  A.  II,  M.A.  M.B.L  ^the  ulti//ior)— Manuale  di   Chiniica  Piatica. 

8vo.     1871. 
Cica  Engineers,  Inditution  o/-Minutes  of  Proceedings,  Vol.  XXXIH.  XXXIV. 

8vo.     1872. 
Clinical  ^^ociWy— Tmiiaactions,  Vol.  V.    8vo.     1872. 
Comitate  Geolo^ico  d* Italia — Bollettiui.     1872     Nos.  5,  G.    8vo.    Fircnse. 
Commissioners  in  Lunacy— 2Gih.  Report.  .  8vo.     1871. 
Crol^  James,  Eta.  {the  Author) — What  iloternjiuca  Molecular  Motion?     (From 

Phil.  Mag.,  July,  1872.)    8vo. 
Dau^on,  J,  W.  Esq.  LL.D.  F.B.S.  (the  Author)— iiotcs  on   the  Podt-plioooiie 

Geology  of  Can:ida.    8vo.    1872. 

Vol.  VI.    (No.  57.)  2  a 
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Bditon — ^Amerioan  Jocmal  of  Sdemse  for  Jnly-Oot  1872.    8ya 
Athennnm  for  July-Oct  1872.    4to. 
Ohemioal  News  for  Jnly-Oct  1872.    4tD. 
Engineer  for  July-Oct  1872. 
Food  Journal  for  July--Oct  1872.    4to. 
Horoloffical  Journal  for  July-Oct  1872.    8?o. 
Journal  of  Gas  Lighting  for  July-Oct.  1872.    4ta 
Bfeobanic's  liagazine  for  July-Oct  1872.    8¥0. 
Nature  for  July-Oct.  1872.    4to. 
Nautioul  Magazine  for  July-Oct  1872.    8vo. 
Once  a  Week  for  July-Oct.  1872.    8yo. 
Pharmaceutical  Journal  for  July-Oct  1872.    8yo. 
Journal  of  Applied  Science  for  July-Oct  1872.    Folia 

Elliot,  The  Ladtf— The  History  of  India  as  told  by  its  own  Historians.     By  Sir 

H.M.  Elliot    VoLIV.    8vo.     1872. 
Enderbtf,  Charles,  Etq.  F.R^.  MM  J.  {the  ilirf/ior)— Treatise  on  Capital,  Money, 

and  Riches.    8yo.     1872. 
Franklin  Inatittde—JouTDal,  Nos.  558-561.    8vo.     1872. 
Gwqraphieal  Sodtty^  Boyal — Proceedings,  Vol.  XVL  No.  3.    8vo.    1872. 
OixJogical  Intiitute,  ImneriaU  Vienna — Jahrbuoh,  1872.    Kos.  1,  2.    Svo. 

Yerhandlungen,  1872.    Nos.  1-10.    8to. 

Abhandlungen,  Band  Y.  Heft  3.    4to.    1872. 
Geological  &)ctWy— Quarterly  Journal,  No.  111.    8yo.    1872. 
Glasgow  Philosophical  8m»<^t^— Proceedings,  Vol  YIIL  No.  1.    8yo.     1872. 
Harvey f  Aumuius  J.  Esq. — Tabular  View  of  the  Orders  and  Families  of  Insects. 
Incorporated  Late  Society  of  the  United  Kingdom — Oatalogue  of  the  Mendham 

Collection.    8vo.    1871. 
JfOfi  and  Steel  Institute — Journal,  Nos.  1-3.    8va     1872. 
Linnean  Society— J oumel,  No.  55.    8vo.    1872. 

Proceedings,  1872.    8yo. 

TransacUons,  Vol.  XXVIH.  Part  2 ;  Vol.  XXIX.  Part  1.    4to.    1872. 

Mauchetter  Philotophical  Society — Proceedings,  Vol.  XI.  No.  14,  Vol.  XIL  No.  1. 

8vo.     1872. 
Mechanical  Engineers*  Institution,  Birmingham — Proceedings,  May,  1872.     8vo. 
Medical  and  Chirurgical  Societyj  Jtoyal — rrocoedings,  Part  35.    8vo.     1872. 
Meteorological  Committee  of  the  Royal  Society — Report  for  1871.     8vo.     1871. 
Met&trological  0/^ce— Quarterly  Weather  Report,  1871.    Part  1.    4to.     1872. 

Meteorol  gv  of  the  Athiutic,  with  Charts.    4to.     1872. 
Meteorological  Society — QuarttTly  Journal,  No.  8.     8vo.     1872. 
Philadefphia  Academy  of  Natural  Sciences — Proceeding^  for  1871.     8vo.     1871-2. 
Pirala,  Don  Aiitonio  (the  Author) — El  Rey  en  Madrid  y  un   Provincias.     8vo. 

Madrid.     1872. 
PlateaUy  Professor  J.  Hon.  MJi.I.  (the  Author) — La  Mesure  des  Sensations  Phy- 

hiqucs.    (Bull,  do  TAcad.  do  Belgique,  Tonio  XXXIII.)    8vo. 
PreussiscJie  Akademie   der    Wissenschaften — Mouatfiberichte,  April,  May,    1872. 

8vo. 
Roma^  Rsale  Acoademia  dei  Lincei — Atti,  Toino  XXV.  Sc^ss,  1-3.    Fol.     1872. 
Ross,  Major  W.  A.  (the  Author) — Pyrology,  or  Firo  Aualysia.   (R.  S.  Proc.,  No.  137, 

1872.)    8vo. 
Royal  Society  of  London — Proceedings,  Nos.  135,  136,  137.     8vo.     1872. 

Philosophical  Transactions  for  1871,  Part  2.    4to.     1872. 
Smithsonian  Institution,  U.S. — Animal  Report,  1870.     8vo.     1872. 
Soci^€  Hollandiiine  des  Sciences — Archives  Neerlanduisesj,  Tome  VII.  Nos.  1-3. 

8vo.     1871-2. 
Statistical  Society-^ounm],  Vol.  XXXV.  Parts  2,  3.     8vo.     1872. 
SI.  P^tersbourg,  AcAidt^mie  Impt^riale  des  Sciences— "MLcmoirva,  1°  Serio,  Tome  XVII. 

Nos.  11,  12;  Tome  XVIII.  Nos.  1-7.     4to.     1871-2. 
Bulletins,  Tomo  XVII.  Nos.  1,  2.     4to.     1871-72. 
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S^montj  Q,  J,  Esq,  {the  AvtKor) — Symons'  Monthly  Meteorological  Magazine. 

July-Oct    1872.    8vo. 
Tdegraph  Engineen^  Sodely  cf—JoxnmX,  Vol.  I.  No.  1.    Svo.    1872. 
Tffnddu,  Pro/€89or,  LL.D,  P,R^,  {the  Authary-ln  den  Alpeu.     8to.  Braun- 

achweig.    1872. 
The  Fonna  of  Water  in  Clouds  and  Rivers,  Ice  and  Glaciers.    16to.    1872. 
United  Service  InaiihUion,  i7oj/a2— Journal.  No.  67.    8vo.    1872. 
Upeal  Boyal  Society  of  Se/'encet— Nova  Acta,  Series  lU.  Vol.  YUI.  Fasc.  1.     4to. 

1871. 
Bulletin  M^t^rologiquo,  Vol.  L  1-12;  Vol.  n.  1-12;  Vol.  IH.  1-12.  4to.  1870-1. 
Vereine  zur  BefSrderung  dee  Qewerhfleiuee  in  Preuuen — ^Verhandlungen,  Marz- 

Juni.    1872.   4to. 
Vemon^  Wm.  F,  Eeq.  M,RJ,  (the  AtUhory-VoieB  on  Harefield,  Middlesex.    4to. 

1872. 
Victoria  Inaitute—Jonmol  of  Transactions,  Vol.  VL  No.  23.    8vo.    1872. 
WeUs^  T.  Spencer,  Eeq,  F.R,C£.  {the  Author)— Viaeaata  of  the  Oyaries.    8to. 

1872. 
Wild,  M.  H.— Rcpertorium  fiir  Meteorologie,  Band  XL  Heft  2.    4to.    1872.' 
Wurdmrg  PhysikatrMedecin.  GeseOfc^o/l— Verhandlungen,  Band  III.  Heft  1,  2. 

8vo.    1871. 
YorJcehire  ArcJueological  and  Thpographicai  Association — Journal,  Parts  G,  7.  8vo. 

1872. 
Zoological  Society  of  Iondo»— Transactions,  Vol.  VUI.  Fart  2.    4to.    1872. 
Proceedings,  1872,  Part  1.    8vo. 

List  of  Vdrtebrated  Animals  in  the  Gardens.    8vo.    1872. 
Catalogue  of  the  Library.    8vo.    1872. 


GENEEAL  MONTHLY  MEETING, 

Monday,  Doo.  2,  1872. 

SiB  Henbt  Holland,  Bart  M.D.  D.C.L.  F.R.8.  Prosident, 

in  the  Chair. 

Thomas  Thompson,  jon.  Esq. 
Sidney  Waters,  Esq. 

wore  elected  Members  of  the  Boyal  Listitution. 

The  foUowing  Lsotube  Arbangiemients  for  the  ensuing  season 
were  annoonoed : — 

Christmas  Lectures  {adapted  to  a  Juvenile  Auditory), 

Pbofessob  Odlivo,  M.A.  F.B.S.    Six  Ix?cturo8  On  Air  and  Gas,  on  Deo.  28 
(SaturdayX  Dec.  31, 1872;  Jan.  2,  4,  7,  9, 1873. 

Before  Easter,  1873. 

PuorssfiOK  RcTHKBFORD,  M.D.  F.R.8.E.    Twelve  Lectures  On  the  Forces  and 
Motions  of  the  Body,  on  Tuesdays,  Jan.  14  to  April  1. 

Dr.  1  >EBU8,  F.R.S.    Three  Lectures  On  Oxidation,  on  Thursdays.  Jan.  IG.  23, 30. 

Dk.  H.  £.  Armstbomo,  F.C.S.    Four  Lectures  On  the  Artifloiul  Formation  of 
Organic  Substances,  on  Thursdays,  Feb.  G  to  Feb.  27. 

A.  Vbbnon  Harcoubt,  Esq.  M.A.  F.K.S.     Fife  Lectures  On  the  Glumistry 
of  Coal  and  its  Products,  on  Thursdays,  March  G  to  April  3. 

2  Q  2 
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Edward  A.  Fbeeman,  Em.  D.G.L.  Six  liGctnreB  On  tho  Gomparatiye  Poli- 
tical Institntions  of  Different  Nntions,  on  Saturdays,  Jan.  18  to  Feb.  22. 

Professor  W.  K.  Clifford,  M^.  Three  Lectures  On  the  Philosophy  of  the 
Pure  Sciences,  on  Saturdays,  Marcli  1,  8,  15. 

Professor  Max  Muller,  LL.D.  Three  Lectures  On  Darwin*s  Philosophy  of 
Language,  on  Saturdays,  Miut*h  22,  29,  and  April  5. 

After  Easter. 

JoHK  MoRLET,  £sq.  Three  Lectures  On  the  Limits  of  the  Historic  Methodt 
on  Tnestlays,  April  22  to  Miiy  6. 

J.  H.  Parker,  Esq.  C.B.  Four  Lectures  On  the  Evidence  for  tho  Traditional 
History  of  Rome  .from  Existing  Architectural  Bemains,  on  Tueedays,  May  13,  20, 
27.  and  June  3. 

Professor  Tyndall,  LL.D.  FJEt.8.  Six  Lectures,  on  Thursdays,  April  24  to 
June  5. 

Professor  Odlikg,  M.A.  FJK.S.  Four  Lectures,  on  Saturdays,  April  2G  to 
May  17. 

Edward  Dannreuther,  Esq.  Three  Lectures  On  the  Development  of  Music 
in  Connection  with  the  Drama,  on  Saturdays,  May  24,  31,  and  June  7. 

Tho  Pbiessktb  received  smee  the  last  Meeting  were  laid  on  tho 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yiz. : — 

FBOM 

The  Lords  of  the  Admiralty— The  Nautical  Almanac  for  1876.    8vo.    1872. 
AgricuUural  Society,  7?oyai- Journal,  2nd  Series,  Vol.  VIII.  Part  2.    8vo.     1872. 
Asiatic  Society  of  ienoo/— Journal,  1872,  Part  2,  No.  2.    8va 

Proceedings,  1872,  Nos.  6,  7,  8.    8vo. 
Atchison^  Surgeon-Major  T.  {the  iluf^or)— Timely  Counsel.    8vo.    1872. 
British  Architects,  lioyal  Institute  of — Sessional  Papers,  1872-3,  No.  1.    4to. 
Chemical  Society— Journal  for  Nov.  1872.    8vo. 
Editors — American  Journal  of  Science  for  Nov.  1872.    8vo. 

Athenn3um  for  Nov.  1872.    4to. 

Chemical  News  for  Nov.  1872.    4to. 

Engineer  for  Nov.  1872. 

Food  Journal  fur  Nov.  1872.    4 to. 

Horological  Journal  for  Nov.  '  872.     8vo. 

Journal  of  Applied  Science  for  Nov.  1872.     FoHo. 

Jounial  of  Gas  Ligliting  for  Nov.  1872.    4to. 

Mt'chanic's  Magazine  for  Nov.  1872.    8vo. 

Nature  for  Nov.  1872.    4to. 

Nautical  Magazine  for  Nov.  1872.    8vo. 

Onco  a  Week  for  Nov.  1872.     8vo. 

Pharmnccutical  Journal  for  Nov.  1872.    8vo. 

Telegrapliic  Journal,  No.  1.    8vo.     1872. 
Falconer,  Thomas,  Esq.  (the  Editor)— Vf.  Falconer:  Dissertation  on  St.  Paul's 

Voyage  from  Cacsarca  to  Putcoli.    8vo.    New  Ed.     1872. 
Franl'lih  Institute— Jomnai,  No.  5G2.    8vo.     1872. 
Gedoqical  5ocrc<y— Quarterly  Journal,  No.  112.    8vo.     1872. 
Manchester  Philosophical  Society — Proceedings,  Vol.  XII.  No.  2.     8vo.    1872. 
Nomentino,  F.R.G.S.—'S uoYdlinlin:  a  Foem.    16to.    1872. 
Nystrom,  J.   W,  Esq.  (the  Author)— On  the  Force  of  Falling  Bodies.    (L  16) 

8vo.     1872. 
Odontological  Society  of  Great  Britotn— Transactions.    New  Series.    Vol.  IV. 

8vo.     1872. 
Photogr(mhic  Society— Joumo,],  No.  235.    8vo.     1872. 
Pretissische  Akadeinie  der  Wissenschaften — Monatsherichte,  Juni,  Juli,  1872.  8vo. 
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Rennie^  Jamefj  Fiq,  FM.8.  Jf. /?./.— J.  M.  Chelius.    System  of  Surgery:  Tmns- 

lated  by  J.  F.  SouUi.    2  voU    8vo.     1845-7. 
Roma,  lieaU  Arcademia  dei  L/nc«fi— Atti,  Tonio  XXV.  Boss.  4.    Fol.    1872. 
Royal  Society  of  JMeraturd — ^TruiisactioDS,  Second  Series,  Vol.  X.  Part  2.    8vo. 

1872. 
Royal  Soiiifty  of  London — Proceedings.  No.  138.    8vo.    1872. 
Soriety  of  Tdegraph  EnmneerB—Soiim9\,  Vol.  I.  No.  2.    8vo.     1872. 
Stratum^  ThomoBy  Etq.  M.D.  (/Ae  ^uMor)—Afl^ty  between  the  Ht brew  Langnago 

and  the  Celtic.'   (015)    16to.    1872. 
SymofUj  G,  J,  Esq.  (tJie  Author}— SYvaona*  Monthly  Meteorological  Magazine. 

Nov.  1872.    8vo. 
United  Service  Institutionj  Royal — Jonmal,  No.  68.    8vo.     1872. 
Verein§  tur  Befdrderwig  des  Gewmhfleisaes  in  Freu8$en — Verhandlungen,  Jnli, 

Angnst,  1872.    4to. 
Walfordy  Weston  S.  Esq.  M.A.  M.R.I, — Papworth's  Ordinary  of  British  Annorials. 

Parts  16,  17,  18.    8vo.     1872. 
Wiid^  M.  IT.  {the  D/ri^or)— Annates  de  rObsonratoire  Physique  centrale  de  Rossie. 

1865  et  1870.    4to. 


The  two  AcroNiAN  Prizes  of  1052.  each  for  Essays  **  On  the  Theory  of  the 
Evolution  of  Living  Things,'  were  this  day  awarded  by  the  Managers  to  the 
Rev.  GiOBGE  Hekblow  and  to  B.  Thompson  Lownb,  Esq. 
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Abel,  F.  A.,  on  SubetituteB  for  Qiin- 

powder,  517. 
Air  Thermometer,  439, 
Airy  on  Solar  Eclipse,  292. 
Alizarine  and  its  Artificiul  Prodnotion, 

120. 
Alkali  Metals  discovered,  390. 
Alphabet,  its  Origin,  4G4. 

Roman,  Greek,  and  Phoenician 

compared,  468. 

American  Picture- Writing,  465. 
Ammonia-compounds  of  Platinum,  176. 
Anaxagoras's  Philosophy,  314. 
Anaxamines'  Philosophy,  307. 
Anaximander's  Philosophy,  305. 
Andrews,  T.,  on  Grascous  and  Liquid 

States  of  Matter,  356 ;    investigates 

Ozone,  549. 
Anglo-Saxon   Conquest  illustrated  by 

Archaeology,  116. 
Animal  Life  in  the  Deep  Sea,  72. 
Annual  Meetings  (1870),  142  ;  (1871), 

325 ;  (1872).  505. 
Apparcil     Paulin    (Smoke     Jacket), 

371. 
Armstrong  and  Noble's  Experiments 

on  Gunpowder,  277. 
Art,  Mr.  Westmacott  on,  103. 

Old  and  New,  534. 

Atomic  Heats  of  Metals,  397. 
Weights.  398. 

Bateman,  J.  F.,  on  the  Subway  to 

France,  110. 
Bedouins  of  Sinai,  their  Prayers,  &c., 

90. 
Beech  or  und  Stahl  originate  the  Theory 

ofPlilogist^w,  317. 
Bcrkcluv's  I*hilo8ophy,  Prof.  Huxley 

on,  341. 
Bertliollot  applies  Chlorine  to  Bleacli- 

ing,  200. 
Blnokie,  J.  S.,  on  the  Interpretation  of 

Popular  Myths,  129. 

-^ on  l*re-Socratic  Philosophy,  302. 

on  the  Modem  Greek  Language, 

493. 
iJloaeliing  Powder  invented  by  Ten- 

nant,  201. 
Brndtnrd,  W.,  on  the  Esquimaux  and 

Uo  of  Greculaud,  .S77. 


Brazil,  Emperor  of,  elected  Honorary 
Member,  384 ;  Letter  from,  422. 

Brodie,  Sir  B.  C,  on  Ozone,  552. 

Budd,  Dr.  W.,  on  Germ  Theory  of 
Disease,  369. 

Bunsen  and  Eirchlioff's  Dificoverics  by 
the  Spectroscope,  390. 

and  SchischkofTs    Experiments 

on  Gunpowder,  275. 

CiEsiuH  discovered,  391. 

CJagniard  de  la  Tour  disooyered  the 
Yeast  Plant,  6. 

his  Experiments  on  Liquids,  357. 

'Captain,'  Iron-plate  Vessel,  its  Con- 
struction, 212. 

Carpenter,  W.  B.,  on  the  Temperature 
and  Life  of  the  Deep  Sea,  63. 

Latest  Scientific    Researches  in 

the  Mediterranean,  236. 

Carrick's  Respirator,  371. 

Carrington  and  Gilliss  on  the  Solar 
Eclipse,  286. 

Castor  and  Pollux,  Minerals,  392. 

Cavalli,  Colonel,  on  Extension  of  Fired 
Gunpowder,  274. 

Cavendish's  Experiment  on  Composi- 
tion of  Water,  315. 

Chalk,  Water  from.  Method  of  Soften- 
ing. 197. 

Chinese  Writing,  466. 

Chloride  of  Lime  invented,  201. 

Chlorine,  History  of,  199;  its  Action, 
200 ;  Improvements  in  its  Blanufao- 
ture,  203. 

Chronosoope  to  measure  the  Action  of 
Gunpowder,  278. 

Circularlv  Polarized  Light,  Action  of 
Crystals  on,  506. 

Clifford,  W.  K.,  liTtures  on  Thooriet 
of  the  Physical  Forces  (no  abttraet), 
83;  on  Babbage's  Calculating 
Machines  (no  ait$tra<i%  533. 

Clothing,  Principle  of,  229. 

Coal  Gas,  its  Production  and  Impuri- 
ties, 489. 

Colloids,  .SO. 

Colour  of  Sea  Water,  190;  Causes, 
192 

Vision,  260. 

Blindness,  269. 


564 


IMDSZ« 


Cookery,  Rnmford'a  Beeearohes  in,  231. 
Corona,  Solar,  during  an  Eolipse,  284, 

484. 
Cotton  Wool  Beepirator,  9. 
Crookes,  W.,  (lisoovers  Thalliam,  392. 
Crystallization  of  Metals,  425. 
Crystalloids,  30. 
Crystals,   their  Action   on   Polarized 

Light,  506. 
Curtailment  of  Language,  497. 

Dayib,  Alfred,  bequeaths  20002.  to 
the  Boyal  Institution,  183. 

Davy  proves  Chlorine  to  be  an  Element, 
201. 

Dawson,  J.  W.,  on  the  Primitive  Vege- 
tation of  the  Earth,  165. 

Deacon,  H.,  his  Process  of  Manufac- 
turing Chlorine,  204. 

Defensive  PoUcy  of  Great  Britain,  335. 

De  la  Hire  on  Fired  Gunpowder,  273. 

Democritus's  Philosophy,  310. 

Dialysis  and  Osmose,  30. 

Diffusion  of  tiouids,  28 ;  of  Gases,  36. 

Donation  Fund  for  the  Promotion  of 
Experimentid  Researches,  61,  101, 
175,  209,  301,  364. 

Douglass,  J.  N.,  on  the  Wolf  Bock 
Lighthouse,  214. 

Drinking-water,  Particles  in,  95. 

from  Chalk  Districts,  Method  of 

Softening,  197. 

Dust  and  Disease,  1. 

and  Smoke,  365. 

Dynamite,  523. 

Eclipse  of  the  Sun  in  1870,  284. 

Electricity  employed  to  measure  Tem- 
peratures, 438. 

Elements,  Discovery  of,  388. 

Ellis,  Mr.,  on  Dust  and  Disease,  3G7. 

Empedocles'  Philosophy.  308. 

Evans,  J.,  on  the  Alphabet  and  its 
Origin,  4G4. 

Exnor,  S.,  on  the  Sensations  of  Colour, 
2GS. 

Expedition  of  1870.  189,  284. 

of  1871, 4J7 ;  Apparatus  described, 

480;  Results,  483;  Photography, 
485. 

Fables,  their  Miflp-ations,  173. 
Faraday's  MS.  Notes  of  Lectures,  &••.. 

bequeathed  to  the  Institution  by  Sir 

James  ^^outh,  185. 
his  first  Electric  Machine,  given 

by  Dr.  A.  J.  Stephens,  185. 
Firemen's  llospirator,  374. 


Fog-beU,  221. 

Folk-lore  of  the  Bussians,  326. 

Fremy     and     Beoquerel     investigate 

Ozone,  547. 
Froude,  W.,  on  Sea  Waves,  355. 

Gaubebt's  Bea^iirator,  376. 

Gaseous  and  Liquid  States  of  Matter, 
356. 

Gases:  Movements  under  Pressure; 
Effusion  and  Transpiration,  83; 
Diffusion,  36 ;  Passage  through  Col- 
loid Septa,  44;  Occlusion  through 
Metals,  48. 

Germ  Theory  of  Disease,  7. 

Gibraltar,  Current,  246. 

Oilman,  Mr.,  on  the  Solar  Eclipse  of 
1870,  287. 

Glaciers  of  Greenland,  378. 

— --  Descent  of,  155. 

Gladstone,  Dr.  J.  H.,  on  Crystallization 
of  Silver,  Gold,  and  other  Metals, 
425 

Gothic  Period  of  Art,  56. 

Graham,  Professor  T.,  Life  and  Works, 
15. 

Greek  Language,  its  Vitality,  493 ;  its 
Pronunciation,  501. 

—^Mythology,  Interpretation  of,  129. 

Gun  Cotton,  History  of,  518 ;  its  Appli- 
cation to  Shells,  &o..  519;  Experi- 
ments respecting  its  Storage,  531. 

Gunpowder,  Substitutes  for,  517. 

Tension  of  Fired,  273;  Kinds  of, 

279. 

Harcourt,  a.  Vernon,  on  Coal  Gas, 
and  tho  Sulphurous  Impurity  in  it, 
489. 

Heat,  Atomic,  of  Metals,  297. 

Radiant  and  Light,  417. 

Rumford's  Researches  in,  231, 2,32. 

Hebrew  Alphabet,  its  Derivation,  470. 

Heraclitus*8  Philosophy,  308. 

Herschel's  Star  Grouping,  143. 

Hieroglyphic  Writing,  406. 

Holland,  Sir  Henry,  President,  Dona- 
tions from,  175,  364,  544. 

Humphry,  Professor,  on  Sleep,  424. 

Huxley,  T.  H.,  on  the  Pedigree  of  the 
Horse  (no  ahstract)y  129. 

on  Bishop  Berkeley,  and  the  Me- 
taphysics of  Sensation,  341. 

Hydration  of  Compounds,  24. 

Hydrogen  absorbed  by  Palladium,  50 ; 
Hydrogen ium  alloyed  with  Palla- 
dium, 51. 

Hylozoists,  Philosophers,  304. 
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Pasteur  on  Dust,  2. 

and  Pouchct  on  Spontancoua  Ge- 
neration, 10. 

Philosopliy  before  Sooratca,  302. 

Phlogiston  Theory  revived,  :^15. 

Phosphorio  Acid,  its  Modifications,  20. 

Photographs  of  Solar  Eclipse,  485. 

Picric  Acid  and  Powder,  520. 

Picture- Writing,  465. 

Piobert's  Investigations  into  Gunpow- 
der, 277. 

Plantamour  on  the  Solar  Eclipa,  28G. 

Platinum.  Ammonia-compounds  of,  170. 

Plato  on  Socratc))'  Dasmon,  403. 

Pogson,  X.,  on  Solar  Eclipse,  29 1. 

Poiseuillo  on  Liquids  under  Pressure, 
26. 

Pole,  Professor,  on  Colour  Blindness, 
269. 

Popular  Mjtlis,  their  Interpretation, 
129. 

Poynter,  R  J.,  on  Old  and, New  Art, 
53  (. 

Prc-Soeratic  Philosophy,  302. 

Primitive  Vegetation  of  the  Earth,  165. 

Proctor,  R.  A.,  on  Star-grouping,  Star- 
drift,  and  Star-mist,  143. 

Psilophyton  princeps,  oldest  known 
Plant  of  North  America,  167. 

Pyrometers,  440. 

Pythagoras,  303;  his  Philosophy,  311. 

Radiant  Heat  and  Light ;  their  Iden- 
tity,  417. 

RaUtou,  W.  R.  S.,  on  Russian  Folk- 
lore, 326. 

Rankine,  W.  J.  Macquom,  on  Sea 
Waves,  355. 

R  lyet,  on  Solar  Eclips?,  293. 

Rjed,  E.  J.,  on  Iron -clad  Sliips.  95. 

on  Fallacies  connected  with  Ships 

and  Guns,  211. 

Reich  and  Richter  discover  Indium, 
393. 

Respirators  for  Smoke,  378. 

Riddoll,  Mr.,  on  Socrates'  Dnomou,  411. 

Robins*  Experiments  with  Fired  Gun- 
powder, 273. 

Rodman,  M.ijor,  Experiments  on  Gun- 
j)ow(ler,  275. 

Rolleston,  G.,  on  the  Influence  of  Anglo- 
Saxon  OjiKjuest,  illustrated  by  Arch- 
eology, IK  J. 

Ros^oo,  II.  E.,  on  Alizarine  and  its 
Artificial  Production,  120. 

Ronasoaii,  his  Influence  on  Society,  475. 

Royal  Academy  of  Music,  436. 

— '—  Institution,  Original  Proposal  for, 
ix. 


Rubidium,  391. 

Rumford's  Proposals  for  establishing  a 

Public  (afterwards  the  Boyal)  lorti* 

tntion,  ix. 

Sciirntiftc  Discoveries,  227. 

on  Fiie«l  Gunpowder,  274. 

Rumker  on  the  Solar  Eclipse  of  1860^ 

286. 
Ruskin,  J.,  on  Verona  and  its  Bivers, 

55 ;   on  Michael    Angelo,  537 ;    on 

Philosophy  of  Art,  539. 
Russian  Folk-lore  and  Songs,  326. 
Rutherford,  Dr.  W.,  appointed  Fullerian 

Professor  of  Physiology,  544. 

SANroNiKp  produces  Colour  Blindness, 
271. 

Scattering:  of  Light,  189. 
Scheolo  discovers  Chlorine,  199. 
Schmidt's  Drawing  of  Solar  ESclipje  of 

1851  described,  293. 
Schonbein  discovers  Ozone,  546. 
Sihwann  discovers  the  Yeast  Plant,  7. 
Sei,  its  Temperature  and   Life,  63 ; 

T  ibles  of  Temperature,  81,  82. 
Se;i  Waves,  355. 
Si.-nsation,  Metaphysics  of,  341. 
Sfiaw,  Capt.,  on  Smoke  Jackets,  372. 
Ships  and  Guns,  Fallacies  connected 

with,  211. 
Siemens,  C.  W.,  on  Measuring  Tem- 

poraturos  by  Electricity,  438. 
Sight,  Defective,  Illustrated,  454. 
Sinai,  Ordnance  Survey  of,  83 ;  Inscrip- 
tions, 91. 
Sleep,  Professor  Humphry  on,  424. 
Smith,  Dr.  Angus,  on  the  Air  of  Ma:i- 

chodter,  12. 
Smoke  Jacket  for  Firemen,  371. 
Socrat<>8,  the  Djemon  of,  402. 
Sophists'  Pldlosophy,  314. 
Soret  investigates  Ozoue,  518. 
South,  Sir  James,  bequeaths  Farad  iy*s 

MS.   Notes   of    Lectures,   an«l   Iron 

Magnf^tic  Ring,  &c.,  185. 
Spectroscope  presented  by  Lord  Liad- 

say,  379. 
Spectrum  Analysis,  390;   Results  of, 

390. 
Spontaneous  Generation,  10,  363. 
Spottisxyoode,  W.,  on  Successive  Polar- 
ization of  Light,  205. 
on  Optical  Phenomena  produced 

by  Crystals  submitted  to  Circularly 

Polarized  Light,  500. 
Stahl  publishes  the  Phlogistic  Theory, 

317. 
Star-grouping,  &c.,  143. 
Stonhouse's  Respirators,  373. 
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Stowmarket  Ezploeions  examined,  529. 
Sabstitutes  for  Gunpowder,  517. 
Subway  to  Franoe,  110. 
Sulphur  in  Coal  Gas,  489. 

Tait  investigates  Ozone,  549. 
Temperature  of  t}ie  Deep  Sea,  64, 81 ,  82. 
Temperatures    measured    by    Electri- 
city, 438. 
Tennant   invents   Bleaching   Powder, 

201. 
Thales'  Philosophy,  305. 
Thallium,  Dificovery  of,  392. 
Thermometers,  440. 
'*  Time  of  the  Masters  "  (Italian  Art), 

59. 
Transpiration,  26. 
Turner's  Pictures  affected  by  Faults  of 

Vitiion.  450. 
Tylor*s,  R  B.,  Theor>'  of  th?  Alpliabet, 

471. 
Tyndall,  J.,  on  Dust  and  Disease,  1. 
on  the  Colour  of  Water ;  and  the 

Scattering  of  Light,  189. 

on  Dust  and  Smoke,  365. 

on    the    Identity  of    Light  and 

Radiant  Heat,  417. 
Experiments  on  Ozone,  550. 


Veron'a  and  its  Bivers,  55. 
Vertical  Circulation  in  Water,  246. 
Viaion,  Faults  of,  450. 


Wales,   Prince    of;    Address    to    the 
Queen  on  his  Recovery,  474 ;  Reply. 

5n. 

Water,  Colour  of,   190;  Particles   in, 

195. 
Watson,  Bp.,  on  Phlogiston,  319. 
Weldon's   Process    of   Manufacturing 

Chlorine,  203. 
Westmacott,  R.,  on  Art,  103:  on  the 

Mausoleum  of  Halicamassus,  105 ;  on 

the  British  Museum.  107. 
Westminster,  Archbishop   of,  on    the 

Demon  of  Socrates,  402. 
Wheatstone's  Experiments  on  Sneoeu- 

sive  Polarization  of  Light,  205. 
Williams,  W.  M.,  on  Rumford's  Scien- 
tific Discoveries,  227. 
Williamson,    A.,   on   Atoms   {no    ah- 

strad),  164. 
Wilson,  C.  W.,  on  the  Ordnance  Survey 

of  Sinai.  83. 
Wolf  Rock  Lighthouse,  214. 

Xenophanes'  Philosophy,  313. 
Xenophon  on  Socrates  Daomon,  408. 

Yea8T  Plant  discovered,  6,  7. 
Yellow  Spot  in  the  Eye,  270. 

Zeller,  on  Socrates'  Daemon,  410. 
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